































UOaVLFLdcIQQ%XhLNVQ_S¥cZQ%XhLiSIS*Q%¦%XﬁSZY>[FQ%E GﬃﬂaOLFQ%Ldc<j>nDiE! #"%$%&('*),+ S]\;QTSIQ7cI¦;J-FNOQ%HhQ%X^cIQ%c
g]Q%E>PRQ%L/£/.X^c PRXhQTSIQ%W Gﬃﬂ*aVLFQTLOcZQ%LXKS¥c Q%XhLFQ¦%DFj EIXhQTPRQTLiSrcIQ%HhHhQ%LiPRQb0iSZY>[/nJ,cZ¦%DFLiN
Q1*QTUOcZX^tOQ%E`X DiSrXhaVLSrUOadQ1¦%XhQ%LdcIQTLﬀQTXu©QTLFLdcILFXKSPRQ%E32¥Q%g]Q%XhH^XhNVQTLﬂWxaVHhQ%UDFHKJMEZQ%L
`bX4 DiSIX^aOLiSIUVaQ¦%XhQ%LdcZQ%L DiLiP PRQTEaVEZaOSIXmconJ,cIQTLBPRQ%Eu©EZQ%XKPRQ1FEZa*Q%LBWnaONVHhXhY>[0£
} L.DiHmcZXmcZEZJOY7Q%E>PRX*DSrXhaVLiSItVQTEZSIDiY>[FQTLgeDFE>PRQTL S5RS¥cZQ%WJ,cZXhSZY>[FQ6dg]Q%XKY>[DFLFNOQ%L









EZa/nJVXhSZY>[FQTLﬃDFLPBg QTX:OQ%L XKSrE>JMQTH^XKSIY>[iQ%L u©EIQTXhPRQTLBPRQ%L UEZXmcZXhSZY>[FQTL!aOEINdJMLFXKSZY>[FQ%L
u©aO[FH^QTLiSrcIa- NVQT[iJMH^cjZnDFE PFX^QLdg]Q%LPRDFLFN"PFQTSA@CBED¥q u©aOLF¦%QRcIQ_SDFLdcIQ%E>SZY>[FEIX^crcZQ%L0§
¦TQ%XhNMcIQPRQTE(JMD3:VQ%EZNVQTgﬂnaV[FLiH^XKY>[ [FaO[FQDFLiPSIaVE RcIXhtVQ?aVEZNOJVLFXhSZY>[FQu©aV[FHhQ%LS¥cZa-*q





















`bX4 DiSIX^tOQWJVSZS;cIE>JMLiSrj Q%Eﬀ*Q7c¥g]Q%QTL!Wxa/FX^HhQJMLPXhWxWa/FXhH^Q F[JVSIQTS©XKSﬂJML XhWq
*aVEIcZJVLOccIE>JMLiS*aVEIcWxQTY>[iJVLFXKSrW JVLiP JﬃY7Q%LdcZEZJVHjzJOYAcIaOE"j aOESIaVE RcZX^tOQ(DGRc>JMUOQ
JVLiPEIQTH^Q_JVSIQ©aMj<SraOH^DFcIQTSX^Lj E>JVY7cIDFEZQTP?WxQTPFXhJi£3.aOSrcaVj
PFX4 DiSIX^aOL@S¥cZDiPRXhQTSPFQTJMH
geX^cI[!PRX4 DiSIX^aOL@aMj<E>JVPFX^adJVYAcZX^tOQﬂSrD3iS¥c>JMLiY%QTSbX^LH^a,g *aVEZaOSIXmc 5Y7E 5RS¥c>JMHhH^XhLFQﬂ[iaOSrc
EZaRY>UST£//X^WxX^cIQ_PPFJ,c>JﬂJMEZQJot,JMXhHKJ-FHhQ-j aVE]aMcZ[FQ%E]SrDGS¥c>JMLiY%QTSJVLiP,aVE<[FXhNV[CaOEIaVq







PFQ%EZX^tOQTP £Vp-JOSrQ_PaOLcI[FXKS<Q1ﬂ *aVLiQ%Ldc JvSZJ,cIXKSrjzJVYAcZaVE 5ﬂQTSrcIXhWJ,cZQ
aVjQ QTY7cIXhtVQPRX*DiSIXhaVL Y%aQY7XhQ%LdcZSXKS#adSISIXiH^QcI[FEZaVDiNV[ cZ[FQY7aOEIEZQTSaOLiPRXhLFN
WxaVHhQTY%DFHKJME PFX4 DiSIX^aOL(Y7aOQY7XhQ%LdcZS<aMj cI[iQbY7aOLdcZJMWxXhLiJMLdc>SJMLPcI[FQ>aOEIadSrX^cIXhQTSaMj











aOL Y7aVLdc>JMWxX^LJMLdcﬂcIE>JMLSI*aVEIc"g-JVSvXhLtVQTSrcIXhNOJMcIQ_P  5!WxQTJVLiSﬂaVjecIE>JVY7QTEﬂQﬂ*Q%EZXmq




tXKJ,cIXhaVLSvaMj]cI[FQPFX4 DiSIX^aOL Y7aQY7XhQ%Ldc>S©j aVEﬂ}¥SIE>JMQ%HhX<Y>[iJVH^UPFQ7cIQTEIWxXhLFQTP XhL!cI[FQ
HKJ-*aVE>J,cZaVE 5ﬂJMLiPxgeX^cI[J©WDFHmcZXmcZEZJOY7QTEﬃﬁiQ%HKPRQ1ﬂ *Q%EZXhWQTLdcY7aVDiHhP *QQﬂFHKJMXhLFQ_P  5
Y>[iJVLFLFQTH^HhX^LiNQ QTY7cZSxXhL cZ[FQ?j EZJOYAcIDiEIQ_S%£fDFWxQTEIXKY%JVH iJVEZJVWxQ7cIQTESrcIDPRX^Q_SgeXmcZ[
QTW#iX^EZXhYTJMH t,JMHhDFQTS-Y%aVLﬁiEZWxQTPcI[FQ©S¥cZEIaOLFN"EZQ7c>JME>PFJ,cZX^aOLaMjY7aVLdc>JMWxX^LJMLdc cZEZJVLiSrq
*aVEIcecI[FEZaVDiNV[PFX4 DiSIX^aOLJVLiPSraOEFcIXhaVL(XhL[FXhNV[ aOEIadSrX^c 5V§NOEIQ5}¥SrE>JMQTH^X0Y>[iJVH^U £
}r}
      
`bX^Q-tOaVEZH^XhQ%NOQ%LiPRQ `XKSISIQ%E>J,cZX^aOLﬂQ%Ldc>S¥c>JMLiPJMW 0QT[FE>S¥cZDF[FHdjZnDFE<LiNVQ%g-JMLPcIQ-\;Q%aMq
HhaVNOX^QO§ E*Q%X^cZSINVEZDGG*Q{05RPREZaVNOQ%aVHhaVNOX^QPRQ%EvsLiX^tOQ%E>SrX^c_nJMcxw ye{b|;uvJMEZHhSIEZDF[FQ"XhW


















/ST*T8 S	R&wz{a:9Md $Mq O|
NOQ7jrnaVE>PRQTErc_£














cZDFLFNBPRQTSy-[iQ%WJVST§¦TJM[iH^EZQ%XKY>[FQ?g QTErcZtVaVHhHhQ`bXhSIUDiSISIXhaVLFQTL DFLiP LiEIQTNVDFLFNOQ%L0£
p]Q%X
PRQTLﬃXKSIEIQ_JMQ%HhXKSIY>[FQTL<EZa-2¥QTUdciJVErcZLFQ%EZL0§liEZJVD<EZaMj¥£ `bET£ eaOLFX^cvfbJ,cZX^tDFLP
EIaVj¥£`bE_£<G<XhH^aOL bPFJMExWnaOY>[dcIQXKY>[ WxXKY>[ j>nDiEPRX^QGEIWnaVNOH^XKY>[DFLFNﬃDFLiP sLRq
cZQ%E>S¥cMnDRcI¦TDFLFN8*Q%X PRQTE `bDFEZY>[FjZnDF[FEZDFLFN"PRQTE]y3E>JVY7QTEItOQ%E>SrDY>[FQ XhW fQTNVQ%tw } |A*Q7q
PFJVLFUVQTL0£
} LiS*QTSIaVLiPRQTEIQWnadY>[OcZQXKY>[BWXKY>[ *Q%X-PRQ%L `bXiH^aOWxJVLiPRQTL0§{Q%EZEIQTLB`X FH¨£ q
\;QTaVH¨£o{"£M~dcIQTNVQ%E_§o`X FH¨£ q¥\;Q%aOH £oﬂ£MuvJOSrQTH^a,gv§%`bX FH £ q¥\;Q%aVH¨£,£_p]HhDFW§,`X FH¨£ q¥\;Q%aOH £
ux£p-JMLiSIQ%WxQ%E©wzsLFXhtVQ%E>SIXmconJ,c]p]aOLFL|<SIa,geXhQb{QTEIEZL(YTJMLiP £dNVQTaVH¨£ . £X^QQTE DFLP
liEZJVD Y%JMLP £<NVQTaVH¨£ "£ lFE>JMLi¦ wzsLiX^tOQ%E>SrX^c_nJMcp]aVLFL|xjZnDFEPRXhQc>J,cIUEonJ,jkcZX^NOQ@sLRq
cZQ%E>S¥cMnDRcI¦TDFLFN QTXPRQ%Ep]QTJVE*Q%X^cIDiLFNﬃtOQ%E>SIY>[iX^Q_PRQ%LFQTEliEZJVNVQ_S¥cZQ%HhH^DFLiNVQ%L7Q_PFJMLRq
UOQ%L0£ .Q%XhLFQ%L u©aVHhH^QTNVQ%L tOaVL PRQTE\©ux§X^LiS*QTSIaVLiPRQTEIQ{Q%EZEIL. £ 3JMW8*Q%EIcT§












     	 






¤O£^¤ GX^LFjZnDF[FEZDFLFN £©£v£©£v£v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£ ¤






F£  y3E>JMLiSaOErcEFEZaV¦%Q_SISIQ£v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£ ﬁ
F£ F£^¤ bPRtVQTUdcIXhaVL £v£v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£ $
F£ F£  {65RPREIaRP5LiJVWxXhSZY>[FQv`XKSQTEZSIX^aOL £©£v£©£v£v£©£v£;£v£©£v£ $
F£ F£  `bX*DiSIXhaVL £v£v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£ ¤o
F£ F£ ¢ ~RaVE RcIXhaVL £©£v£v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£ ¤
F£ F£ 9 JVPRXhaOJVUOcZX^tOQ%EC*QTErjzJVH^H DFLPLiX^aOH^aONVXKSIY>[FQTE]6GiJVD?£v£©£v£ ¤%
F£  `bX*DiSIXhaVL!£;£v£©£v£©£v£v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£ ¤ﬁ
F£ i£^¤ `bX*DiSIXhaVLX^L?j EZQ%XhQ%W ?!JOSISIQ%E£©£v£©£v£©£v£v£©£v£;£v£©£v£ ¤ $
F£ i£  `bX*DiSIXhaVLX^L *aVEonaOSIQ%L .QTPFX^QTL £v£©£v£©£v£v£©£v£;£v£©£v£ V






i£^¤O£^¤ `bX*DiSIXhaVLiSItVQTEZSIDiY>[FQ £v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£ /9
i£^¤O£  p-JMcZY>[tVQTEZSIDiY>[FQ £v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£ ﬂﬁ
i£^¤O£  LiJMH 5RSrQTtVQTErjzJV[FEIQTL £©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£ ﬂ$
i£^¤O£ ¢ p]QTNVHhQ%X^cIQ%LPRQﬂsLdcIQTEZSIDiY>[DFLFNOQ%L£v£©£v£©£v£v£©£v£;£v£©£v£&O
i£  LiJMH 5dcIXKSIY>[iQ .@aPFQ%HhH^XhQ%EZDFLFNPRQ_S~dcIacZEZJVLiSI*aVEIcZS £©£v£;£v£©£v£&i¤








¢£  "]JVW8FEZXKPRNVQ_Sr[FXhEZQwzsbuﬂ| £v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£$¢-%

¢£  y-XhHhWxJVLiSrcIaVLiQxw suﬂ| £v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£$¢ ﬁ
¢£ ¢ ~RX^NOQ%E>SrHhQ%t@w `buﬂ| £©£v£v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£$¢ $
¢£ 9 fQ%NOQ%twz} 3|£©£v£©£v£v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£ 9O
ﬀ

,   3 T_ ﬀ+ﬀ
9F£^¤ `bX*DiSIXhaVLiSItVQTEZSIDiY>[FQ £v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£ 9/9
9F£^¤O£^¤ EIa/QTL Q_SIY>[FEZQ%X FDFLiN £;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£ 9/9
9F£^¤O£  .@aVHhQ%UDFHKJMEZQ;`bX4 DiSIX^aOLiSIUVaQ¦%XhQ%LdcZQ%L £v£v£©£v£;£v£©£v£ 9 %
9F£^¤O£  GA*QTUdcIXhtVQv`X DiSrXhaVLSrUOadQ1¦%XhQ%LdcIQTL £v£©£v£v£©£v£;£v£©£v£ 9ﬂ$
9F£^¤O£ ¢ 6iSZY>[/nJ,cZ¦%DFLFN Q Q%UdcIXhtVQTEﬃ`bX4 DiSIX^aOLiSrUOaQ¦%XhQ%LdcIQTL X^L
u©EZQ%XKPRQTUoJVH^UOQ%L £©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£&%
9F£  p-JMcZY>[tVQTEZSIDiY>[FQv£v£©£v£v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£ %M
9F£  y3E>JVY7QTEItOQ%E>SrDY>[FQ £©£v£v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£&ﬁO
9F£ i£^¤ y3E>JVY7QTEItOQ%E>SrDY>[FQ>/X^LiPiJMD £v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£&ﬁO
9F£ i£  y3E>JVY7QTEItOQ%E>SrDY>[FQbfQ%NVQTtw } |£©£v£©£v£©£v£v£©£v£;£v£©£v£ $/$
















i£^¤ C DiSIJVWxWQTLRjzJVSZSIDFLFN £v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£©¤_V








	       	   	    	 	
F£^¤ u©aOLF¦%QRcIXhaVLiQ%HhH^Q_S ﬁ OGQ-R3R,ST*R&AqU.aRPRQTH^H]w	 ¤ $ﬂ$ﬂd|£;£v£©£v£ %
F£  y3E>JMLiSaOErcEFEZaV¦%Q_SISIQXhLNVQ%UH¥nDRjkcIQ%cIQTL .@QTPRXhQ%L £©£v£v£©£v£;£v£©£v£ ﬁ
F£  } Lﬂ\;QTH¨nJVLiPRQ%tOQ%E>SrDY>[FQ%L QTaiJOY>[dcIQ7cZQ<SrU,JVH^QTLiJ-F[3nJMLFNOX^NOQ`bXhS*Q%E>SrX^q
tX^c_nJMcIQ%L w
 )/&P"@Q%cJMH¨£ ¤ $,ﬁ/9V| £v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£ ¤O¤
F£ ¢ C DiSIJVWxWQTLF[iJVLFNb¦TgeXhSZY>[FQTLxaOEIadSrX^c_nJMcDiLiPxlFaVEZWJ,cZX^aOLiS¥jzJVUdcIaVE
¤X^LtOQ%E>SIY>[FXhQTPFQ%LFQTL?~RJVLiPFSrcIQ%XhLFQTL!w= ",$%&('*)!¤ $ 9MO| £v£©£v£ M¢
i£^¤ `bX*DiSIXhaVLiSI¦%QTH^HhQ;jZnDFEaVEZNOJVLFXKSIY>[FQ©~dcIa*Q £v£©£v£©£v£v£©£v£;£v£©£v£ 
i£  p]QTXhSFXhQ%H*Q%XhLFQ%EesE>JMLiX^LiPFDFEZY>[ FEZDiY>[iSIUDFEZtVQﬂw \;E>JMDiQ;u©EZQ%XKPRQwz} 3|I|! %
¢£^¤ 3JMNOQ1FHKJMLﬂPRQ_SNVQ1iHhJVLOcZQ%L<DFW iSQTXhY>[iQ%E Q_Y>UVQ%LS w '6)ﬀ
ﬁ








($%& ¤ $ﬂ$ﬂd| £©£v£©£v£v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£$¢ 
¢£ ¢ ~cIaVHhHhQ%LGFHKJML 0XhLiPFJVDBw#'$6)%&
ﬁ
($%& ¤ $ﬂ$,O| £v£v£©£v£;£v£©£v£$¢ 






"& &ﬃQ7cJVH £ ¤ $ﬂﬁVd|x£v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£$¢ ﬁ









1 '671' ¤ $ﬂ$OO|e£©£v£v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£ 9M¢
9F£^¤ p]QTXhSFXhQ%H Q%XhLFQTEeaMq <65H^aOHmq `bDFEZY>[ FEZDiY>[iSIUDFEZtVQ"w¨~X^NOQ%E>SrHhQ%tﬃwz`;uﬂ|r| 9ﬂ$
9F£  p]XhaVHhaVNOXhSZY>[FQ%E-03iJMD?tVaOL?fbJ-F[dcZJVH^XhLBw ?!Q%X :VQvu©EZQ%XKPRQw } 3|I|v£v£O
}r}
9F£  y 5 FXKSIY>[FQ
aOEIQTLFEZJOPRXhQ%LtVQTErcZQ%XhH^DFLiNVQ%LbPRQ%E0DiLOcZQ%E>SrDY>[OcZQ%L©u©EIQTXhPFQ7q
U,JVH^UOQB£v£v£;£v£©£v£©£v£v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£V¢
9F£ ¢ Q%HKJ,cIXhtVQ]`X DiSrXhtXmconJ,c
XhL6F[/nJMLiNVXhNVUVQTXmctVaOLPRQTEaOEIadSrX^c_nJMc wzST£
yJ-/£)9R£ ¢d|£;£v£©£v£©£v£v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£,ﬁ
9F£ 9 Q%HKJ,cIXhtVQﬃ`X*DSrXhtXmconJ,cXhL 6F[/nJMLiNVXhNVUVQTXmctOaVL PRQTEaOEIadSrX^c_nJMc
wzQ%XhNVQTLFQ©DFLiP 0X^cIQTEZJMcIDFEZg QTErcZQ_| £;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£/$





9F£ % ~RaVE RcIXhaVLiSIXKSraVcI[FQTEIWxQ%L@jZnDFEﬂA5E>JMLFXhLWxX^cvJVLFNVQiJ-:VcIQTL "	
)('*"q }¥SraVcI[FQTEIWxQ%L!wzlX^ciJVEZJVWQ%cIQTES%£iyJ-/£)9R£ O|ﬃ£v£©£v£;£v£©£v£ %V
9F£ ﬁ ~RaVE RcIXhaVLiSIXKSraVcI[FQTEIWxQ%L(j nDFEaVq=<>5dHhaVH WxX^cbJMLiNVQ1J-:McZQ%L  )P"3q
}¥SIaMcZ[FQ%EZWxQ%L w @	7q ?ﬃQTErcZQ©ST£iyJ-0£)9F£ %V| £v£©£v£©£v£v£©£v£;£v£©£v£ %,¢
9F£ $ ~RaVE RcIXhaVLiSIXKSraVcI[FQTEIWxQ%LjZnDFEfJF[dcZJVH^XhLWxX^cJMLFNOQ1iJ:McZQ%L #) 
"
3q¨}¥SIaMcZ[FQ%EZWxQ%L!w @	%q ?ﬃQTErcZQ©ST£iyJ-0£)9F£ %V| £v£©£v£v£©£v£;£v£©£v£ % 
9F£^¤_ GW FX^EZXKSIY>[FQ
DiLiPﬂXhL"0i[ nJMLFNOX^NOUVQTXmc/tOaVW aVEZNOJVLFXhSZY>[FQTL©u©aO[FHhQ%LRq
SrcIa*NOQ%[iJVHmcJFNVQ_SIY>[ nJMcI¦%cIQ;aMq <65H^aOHmq 
Q%EIcIQTX^HhDFLFNdSrUOaQ¦%XhQ%LdcIQTL £ % ﬁ
9F£^¤O¤B~FY>[FQ%WJ,cZXhSZY>[FQTE0DRj iJVDﬂPRQ%EP
Q%E>SrDiY>[SIJGiJME>J,cZDFEjZnDFE3PRXhQA.aOLFaMq




w |!.aOLFa*aVHhtVQTEZSIDiY>[}bwzp! ﬁ"q p!<¤_O|©£©£v£©£v£v£©£v£;£v£©£v£&ﬁd





w |!.aOLFa*aVHhtVQTEZSIDiY>[}r}bw p!<¤Tqp!<¤O¤_| £©£v£v£©£v£;£v£©£v£&ﬁ&%








*aVHhtVQTEZSIDiY>[FQ;}r}I}qA WxX^c`a/G*Q%H iJVY>UOQ%EZL £v£©£v£v£©£v£;£v£©£v£ $i¤
9F£^¤ﬁ~FY>[FQ%WJ,cZXhSZY>[FQ"`;JME>SrcIQ%HhHhDFLFN(PRQTE;lHhX^Q:OSrcIEZQTY>UOQ%LX^LﬃPRQ%E;DFLdcIQTErq
SIDiY>[dcIQTL?u©HhDRjkcZ¦%aVLiQ £v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£ $d
9F£^¤ $ LGiJOSISIDFLFNPRQTE3`bDFE>Y>[FNOJVLFNOSrq/wzp-y"-| DFLPvnDiY>UVQTEI[JMH^cZSIUdDiEItOQ





9F£ F¤ LGiJOSISIDFLFNPRQTE3`bDFE>Y>[FNOJVLFNOSrq/wzp-y"-| DFLPvnDiY>UVQTEI[JMH^cZSIUdDiEItOQ
w |!.aOLFa*aVHhtVQTEZSIDiY>[}U w p! ﬁq p ¤V¤o|v£v£©£v£v£©£v£;£v£©£v£ $&%
b}r}r}
9F£ O LGiJOSISIDFLFNPRQTE3`bDFE>Y>[FNOJVLFNOSrq/wzp-y"-| DFLPvnDiY>UVQTEI[JMH^cZSIUdDiEItOQ
w |!.aOLFa*aVHhtVQTEZSIDiY>[L w p!<¤Tq p!<¤V¤o| £©£v£v£©£v£;£v£©£v£ $,ﬁ
9F£ ﬂ~FY>[FQ%WJ,cZXhSZY>[FQ
`;JME>S¥cZQ%HhH^DFLiNPRQ%E/p]aO[FEIDiLFNVQTL;{"¤V¤_ DFLiPv{"¤V¤
SIa,geXhQ;PRQTEeDFLdcIQTEZSIDiY>[dcIQTL?u©HhDRjkcI¦TaVLFQvXhW y3QTSrcINOQ%H nJMLiPFQ;fQ%NVQTt £©¤TO
9F£ M¢faVEZWxX^QTErcZQ sE>JMLiX^LRq>§J0X^cI[FXhDFWq0DFLiPy3EIX FEZaVWxaF[iQ%LFaOHmq `DiEZY>[Rq
NdJMLFNdSrUDFEZtVQTLC.aOLFa*aVHhtVQTEZSIDiY>[b};w {ﬂ¤O¤T q{"¤V¤_| £v£©£v£©¤Td
9F£ /9 LGiJOSISIDFLFNPRQTE3`bDFE>Y>[FNOJVLFNOSrq/wzp-y"-| DFLPvnDiY>UVQTEI[JMH^cZSIUdDiEItOQ
w | j>nDFEbsE>JMLFXhL0§G.aOLFa*aVHhtVQTEZSIDiY>[Cb}bw {ﬂ¤O¤T q{"¤V¤_| £v£©¤TV¢
9F£  LGiJOSISIDFLFNPRQTE3`bDFE>Y>[FNOJVLFNOSrq/wzp-y"-| DFLPv nDiY>UVQTEI[JMH^cZSIUdDiEItOQ
w | j nDFE>0X^cI[FXhDFW§3.aOLFa*aVHhtVQTEZSIDiY>[Cb};w {ﬂ¤O¤T q {"¤V¤o| £©¤T 9
9F£  % `bDFE>Y>[ FEIDY>[iSrUDFEZtVQ3j nDFEP/XmcZ[FXhDFW§.aOLFa*aVHhtVQTEZSIDiY>[ }*X^LvHhaVNVq
HhaVNVq `;JME>SrcIQ%HhHhDFLFN$£©£v£v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£©¤T 
9F£ ﬂﬁ LGiJOSISIDFLFN"PFQ%E sEZJVLFXhLiPRDFE>Y>[FNOJVLFNOSIUDFEZtVQ]WX^c]PFQ%W lXmcEiJME>J,q
WxQ%cIQ%E
 
JMDS PRQTL`bX4 DiSIX^aOLiSItVQ%E>SIDiY>[FQ%L/§ .aOLFa*aVHhtVQTEZSIDiY>[Hb}
w {ﬂ¤O¤T q {"¤V¤o| £v£v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£©¤T&%




b};w {ﬂ¤O¤T q{"¤V¤_| £©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£©¤T,ﬁ
9F£ O lnDFE3PRX^QA.@aPFQ%HhH^EZQTY>[FLDFLiNVQ%L©tOQ%EZg QTLiPRQ7cZQTS lXhLFXmcZQ7q `X Q%EZQ%LF¦TQ%LRq
fQ7cZ¦ £v£v£;£v£©£v£©£v£v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£©¤V¤
9F£ i¤ `bDFE>Y>[FNOJVLFNOSIUDFEZtVQ©jZnDFEﬂJOPRtVQTUOcZX^tdq PRXKSI*Q%E>SrXhtVQTLﬃ~dcZa-*cIE>JMLiSaOErc
w " ﬂ"©LFaOEIWxXhQ%EIc>| £v£v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£©¤V¤T¢
9F£ d `bDFE>Y>[FNOJVLFNOSIUDFEZtVQ%LDFLdcIQ%E3p QTE
n
DY>USIXKY>[OcZX^NODFLFN-PRQ%E .@J,cZEIXﬂFPRX4 DRq
SIXhaVL w " ﬂ"©LFaOEIWxXhQ%EIc>|b£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£©¤V¤ 9
9F£ , u©aOLF¦%QTLdcIE>J,cIXhaVLSrQTLOc¥geXKY>UH^DiLFNL*Q%X UVaOLiS¥c>JMLdcIQTW ~RY>[JVPFSrcI Q%XhLRq
cZEZJVN DiLOcZQ%E@p]Q%EMnDiY>URSIXhY>[dcIXhNVDiLFN PRQTE .@J,cZEIXﬂFPRX4 DiSIX^aOL w " ﬂ"

LiaVEZWXhQ%EIc>| £v£©£v£©£v£v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£©¤V¤%
9F£ V¢`bDFE>Y>[FNOJVLFNOSIUDFEZtVQ%LDFLdcIQ%E3p QTEMnDY>USIXKY>[OcZX^NODFLFN-PRQ%E .@J,cZEIXﬂFPRX4 DRq












*aV[iEIDFLiNVQ%L w LJVY>[  '6)
ﬁ
($%& ¤ $ﬂ$ﬂd|£v£©£v£v£©£v£;£v£©£v£$¢&9
9F£^¤ .@X^LFQTEZJVH^aONVXhQPFQ%E0QTDFEIa//nJMXKSZY>[FQ%L©u©EIQTXhPFQ%U,JMHhU FEIa/QTLw' )6)G"
VVOO|£v£v£;£v£©£v£©£v£v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£ 9






	P' $! ﬂ )(" 3 ) 
.
0  &() ﬂ! &+ ,)
.
0ﬀ1" P)%?¤ $ﬂ$,ﬁO| £ 9 %
9F£  .@aVHhQ%UDFHKJMEZQ`bX4 DiSIX^aOLiSIUVaQ¦%XhQ%LdcZQ%L PRQ%EﬂtOQ%EZg QTLiPcZQ%LB~dcIa*Q
wz} aVLFQTL *Q%Xﬂ9 "b§3.aOH^QTU
n
DiH^Q *Q%X3V "-| £©£v£©£v£v£©£v£;£v£©£v£ 9ﬂﬁ















E>JMLiX^L?X^LPRQTLu©EZQ%XKPRQTUoJVH^UOQ%L £v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£ % 






9F£ ﬁ bEZNOJVLFXKSIY>[NVQFDFLiPFQ%LFQTEbu©aV[iH^QTLiS¥cZa- NVQT[iJMH^cbPRQTE;u©EZQ%XKPRQ%U,JVH^UOQ
j>nDiEeaMq <65H^aOHmq<DiLiPfJ-i[Oc>JMHhX^LFq p-J,c>Y>[tVQ%E>SIDiY>[FQ £v£v£©£v£;£v£©£v£ %/%
9F£ $ lHhX^Q:OSrcIEZQTY>UOQ%L!DFLiPB[ 5RPRE>JMDFHhXhSZY>[FQ
JME>JMWxQ%cIQ%EﬂPFQ%E .@aVLFa/aOHmq
tOQ%E>SrDY>[FQb}  }I} £©£v£v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£&ﬁd
<
9F£^¤_ LGiJOSISIDFLFNdSrg]Q%EIcIQ<PRQ_S3~Rl` .6DFLPﬂJ-FNOQ%HhQ%X^cIQ%cIQAF[ 5RSIX^U,JMHhXKSIY>[FQ

JVEZJVWxQ7cIQTEjZnDFE PRXhQ6.aOLFa*aVHhtVQTEZSIDiY>[FQ]}  }r}WxXmc} L-2¥Q%UdcIXhaVLiSrq
HKJMLi¦%Q%L £v£;£v£©£v£©£v£v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£&ﬁV¢
9F£^¤O¤ lHhX^Q:OSrcIEZQTY>UOQ%LwztNVH¨£T030£ 9F£^¤ﬁO|DFLiP©[ 5RPRE>JMDFHhXhSZY>[FQ

JME>JMWxQ%cIQ%E
PFQ%E0.aOLFa*aVHhtVQTEZSIDiY>[FQb}r}r} q9 £;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£ $d
9F£^¤o LGiJOSISIDFLFNdSrg]Q%EIcIQ<PRQ_S3~Rl` .6DFLPﬂJ-FNOQ%HhQ%X^cIQ%cIQAF[ 5RSIX^U,JMHhXKSIY>[FQ

JVEZJVWxQ7cIQTEj>nDiE"PRXhQ .@aVLFa/aOH^tOQ%E>SrDiY>[iQ}I}r}bq0 WX^c`baG*Q%H^q
JVY>UVQTEIL £;£v£©£v£©£v£v£©£v£©£v£;£v£v£©£v£©£v£©£v£v£©£v£;£v£©£v£ $ 9
9F£^¤ LGiJOSISIDFLFNdSrg]Q%EIcIQ<PRQ_S3~Rl` .6DFLPﬂJ-FNOQ%HhQ%X^cIQ%cIQAF[ 5RSIX^U,JMHhXKSIY>[FQ

JVEZJVWxQ7cIQTEj nDiE0.aVLFa/aOH^tOQ%E>SrDY>[C} £v£©£v£©£v£v£©£v£;£v£©£v£©¤T 9
<b}































PFJOS]cIEZaRY>UVQ%LiQ;liQTSrcZSrcIa- NVQTgeXhY>[dc  ﬁﬀﬂ






~RY>[iQ%XhL JMEZQ%Ee`X DiSrXhaVLSrUOadQ1¦%XhQ%Ldc  	$#%&ﬀﬂ

ﬃ('*) /aVLFNOXmcZDiPRXhLiJMHhQv`XKSI*Q%E>SIX^aOL  	$#%&ﬀﬂ

ﬃ(',+ y3EZJVLiSItVQ%E>SZJMHhQb`bXhSQTEZSIXhaVL  	$#%&ﬀﬂ
















ﬃ32 .aOH^QTUDFHhJVEIQTEe`X*DSrXhaVLiSIUVaQ1x¦TX^QTLdc  	$#%&ﬀﬂ

ﬃ54 aOEIQTLiPRX*DiSIXhaVLiSIUVaQ¦TX^QTLOc  	$#%&ﬀﬂ










`bX4 DiSIX^tOQ%E0.@JOSISIQ%LS¥cZEIaOW  >#%&ﬀ




















>*Q%EF3nJVY>[iQ%LtVQTErcZQ%XhH^DFLiNOSIUVaQ¦%XhQ%Ldc   

@  ~aOEFcIXhaVLiSIUVaOLiS¥c>JMLdcIQ "!





@ B ;Y7cZJMLiaVH  ? JVSZSrQTErq 
Q%EIcIQTX^HhDFLFNdSrUOadQ1¦%XhQ%Ldc "!






















  eQ%cZJVEZPFJMcIXhaVLiSIUVaQ1x¦TX^QTLdc-PRQTEu©H^DFjkcIa*Q%EF3nJOY>[FQ "!

 4 eQ%cZJVEZPFJMcIXhaVLiSIUVaQ1x¦TX^QTLdc-PRQTE0.@J,cZEIXﬂ "!

































`bX4 DiSIX^aOLiSiJME>JMWxQ7cZQ%E   

 




 .X^crcZH^QTEIQv[ 5RPRE>JMDFHhXKSIY>[FQ©u©HhDRjkc_na*LDFLFNdSrg]Q%X^cIQ   

 
 0xLiXmconJ,cZSIUVaOLiSrcZJMLdcZQ  	,&ﬀ











GEZP*QTSZY>[FHhQ%DFLiX^NODFLFN   #%








liQTSrcZSrcIa- NVQTgeXhY>[dc_§cIEZaY>UOQ%L   






DFH^E>JVPFX^DiS   





















 .X^crcZH^QTEIQﬂlHhX^Q:VNOQTSZY>[dgeXhLiPRXhNVUOQ%X^c   # ﬁﬀ 





















































































	ﬀ   	    
 
#%+)<






























QTX^LF¦TQ%HhLFQ%L~ 5RS¥cZQ%WxUVaOW aOLFQ%LdcIQTL0§PRQ%E\;QTSrcIQTX^LSrWJ,cZEIXﬂBDFLiP PRQ%W u©HhDRjkcZS5RS¥q
cZQ%W Q_S¥cZX^WxW"cT£eu©H¥nDFjkcIQﬃPFX^QTLFQ%L X¨£ P £ ﬂ£-JVHhSCQTtVaOEI¦TDFNMcZQ ?ﬃQTNOSZJMWxUVQTXmcZQ%Lj>nDFE
PRQTL SIY>[FLiQ%HhH^QTL JOPRtVQTUOcZX^tOQ%Ly/E>JMLSI*aVEIctOaVLlH^DFXKPRQTL DFLiPu©aVLdcZJVWxX^LiJVLdcIQ%L/§











PRQTW {X^LdcIQTEINOEIDiLiPPFQ%EGLiPRHKJMNVQTEIDiLFNE>JVPFX^adJMUdcIXhtVQTE-~dcZa- QﬂSrQTXmc O OJV[FEIQTL¦TD
QTX^LFQTW liaVE>SIY>[DFLiNOSZSIY>[g]Q%E FDFLFUdcbtOQ%E>SIY>[iX^Q_PRQ%LFQTEvLiJ,cZX^aOLiJMHhQ%EvDiLiP X^LdcZQ%EZLiJ,cZX^aVq





























©w ¦V£ p;£  
.
&P"ﬀ)xQ7c<JVH £¤ $/$ﬂ$DFLiPg QTXmcZQ%EZQ]ErcZX^UOQ%HX^LxPRXhQTSIQ%W










Q%cJMH¨£d¤ $ﬂ$dV| SIa,geX^Q PRX^Q]SIY>[g]Q%Xh¦%QTEIXKSIY>[iQﬂﬁ4 1STﬃKS
  
 S w ¦O£ p;£ , )G" "
5
 )G)3" ¤ $ﬂ$d|A£FGX^LFQvp]QTSZY>[FEZQ%X FDFLFNPRQ_S-LFQ%DiQ%EZQ%LSIJMLFXKSIY>[iQ%Ly/Q_S¥cZNVQ1iX^Q%cIQTS
0 T"!>S	
 







 *) ?XhW liQ%HKSrHKJ,q
*aVE+ *R /Q wzuvJ0£¢£^¤o|#Q%cIEZX^QQTL0£-
JME>JMHhH^QTHPFJM¦TD g]Q%E>PRQTLSIQ%X^c¤ $ﬂ$B`bQ7q
c>JMXhH^DFLdcZQ%E>SrDiY>[DFLiNVQ%L?¦%DiEu©H^DRjkcIq .J,cIEZXﬂdq u©a3QTH^DFLiNXhLPRQ%W LFQ%DQTEIEZXKY>[OcZQ7cZQ%L
liQTSrcINVQ_S¥cZQ%XhLiSrq >VODiXmj QTEZJVLiJMHhaVN-, T S/. OGQ&1S1R wz¦V£ pb£'
'











U,JMLiLOc_£e} L PRQTL JOY>[dcI¦%XhNVQTE dJM[FEZQ%L geDFE>PRQ!PFX^Q `X DiSrXhaVL JMHKS?Q%XhL geXKY>[dcIXhNVQTE
eQ%cZJVEZPFJMcIXhaVLiSFEZaV¦TQTSZS QTX*PRQTE eXKSIX^UOaOJ-SIY>[/nJMcI¦TDFLFN;jZnDFEE>JVPFX^adJMUdcIXhtVQeG<LPRHhJVNVQTE
QTX^LFNOQ%[FQTLiPjZnDFE PFX^QeNOQ%EZX^LFN/aOE_nadSrQTL8? XhErc>SrNOQTSrcIQTX^LFQeXhW/J-*aVE<JVHhSJMDiY>[xWxXmcIcIQTHhS




1#)G" )+ ('*)  (¤ $/$Vi§














&39;4 43¤ $ﬂﬁ/9F§1#)G" )+ ('*)  ¤ $ﬂﬁOO|A£
fDFExg QTLFX^NOQtOQ%EZNVHhQ%XKY>[ iJMEZQ(~dcIDPRX^QTL Q1ﬂRXhSrcIXhQ%EZQ%L ¦%DFE`bX4 DiSIX^aOL XhL [FaRY>[Rq
*aVEonaOSIQ%L!u©H^DRjkcZNVEZDFLiPRg-JVSZSIQ%EZH^QTXmcZQ%EZL0£`bX^QH.QT[FEZ¦TJM[iHPFX^Q_SrQTE;QTW FX^EZXKSIY>[FQTLDFLP
LDFWxQ%EZXKSIY>[FQTL~cIDiPRXhQ%LgeDFE>PRQTL XhL G<LFNOHhJVLiP PFDFEZY>[iNVQ7j>nDi[FErc@w 

.".







 ¤ $/$/9R§ #'*¤ $ﬂﬁM¢§ ' *($ 
5ED




















cZEZJVLiSI*aVEIcIQ_SWxXmcPRQ%E[FaRY>[G*aVEonaOSIQ%L .@J,cZEIXﬂ jZnDFEPRXhQﬃDiSFEIQTXmcZDFLFN NOQ%H naOSrcIQTE
? JVSZSrQTEIXhLF[iJVHmc>SISrcIa*Q;Q%XhLFQTL?g]QTSIQ%LdcZH^XKY>[FQ%LeQ%cZJME>PFJMcIXhaVLiSIWxQTY>[iJVLFXhSIW"DS PFJVET£
?!Q%X^cIQTEIQsLdcZQ%E>SrDiY>[DFLiNVQ%L ¦%DFE`bX*DiSIXhaVLX^L [FaRY>[G*aVEonaOSIQ%L u©H^DRjkcZNVEZDFLiPq
g-JVSZSrQTEIHhQ%X^cIQTEIL!S¥c>JMWxWxQ%LBJMDS©}¥SrE>JMQTHw  
.








u©HhDRjkcINOEIDiLiPRg-JVSZSrQTEIHhQ%X^cIQTEIL0£O`XhQTS XhSrc XhLiSQ_SraOLiPRQTEIQbtVaVE PRQ%W6{X^LdcIQTEINOEIDiLiPPRQ%E
~RY>[JVPFSrcIa JVDiSIiEIQTXmcZDFLFNXhL"¦O£ p;£_¦%DFEy/EZXhLFUg]JOSISIQ%EZNVQTgeX^LFLDFLiN]NOQ%LDRcZ¦7cIQTL0§oPRaRq
*Q%H^crq aOE nadSrQTL6VdDFX^j Q%EZQ%LaPFQ%E¦TDFE-0iSZY>[ nJ,cZ¦%DFLiN"PRQ%E]HKJMLFNOQ%L0§PRX*DiSIXhaVLiSIH^XhWxXmq
cZX^QTErcZQ%L ~RJMLiX^QTEIDFLiNOSI¦%Q%X^cIE nJMDiWQ"j nDFE~RY>[JVPRQTLiS¥j nJVH^HhQ%LﬃX^LBu©HhDRjkcINOEIDiLiPRg-JVSZSrQTEIHhQ%X^q
cZQ%EZL?tOaVL} LOcZQ%EZQTSZSrQO£
  
#7'%	3e 4 +V2ﬂ 4 <2ﬃb#>
`bQ%E~dcIacZEZJVLiSI*aVEIc/XhL"u©HhDRjkcINOEIDFLPRg]JOSISIQ%EZHhQ%X^cIQ%EZL;XhSrc3XhLiSQ_SraOLiPRQ%EZQ<PRDFE>Y>[ﬂPRQTL



















`bX^Q_SrQUVaOW#iH^Q1ﬂQC*XhQ%HKSrQ%cI¦%DiLFNgeDFE>PRQ?X^L Q%XhLFQ%Exu©aVW FXhLiJ,cZX^aOL tVaOL lFQ%HKPq
DFLP 3J-*aVEZtVQTEZSIDiY>[FQTLJMHKSeJMDY>[?WxX^c{XhHmj Q"LdDiWQTEIXKSZY>[FQ%E .aRPRQTH^HhX^QTEIDiLFNVQTL *Q7q








~dcZa-*cIE>JMLiS*aVEIcZS?wzuvJ-/£)i£  &F£ O|vQTEIH nJMDFcIQ%EIcT£`XhQ?Q%DFEZa/nJVXhSZY>[FQTLBDFLiP XKSIEZJMq
QTH^XKSIY>[iQ%Ly/Q_S¥cZNVQFX^Q%cIQO§FX^L@PFQ%LFQTLy3E>JVY7QTEItOQ%E>SrDY>[FQ;PFDFEZY>[iNVQ7j>nDi[FErcSIa,geX^Qﬂu©QTEILFq
FEZa*Q%L j nDFEPRXhQ 3J-*aVEZtVQTEZSIDiY>[FQQ%LdcZLFaVWxWxQ%L geDiEZPRQTL0§]g QTEZPRQTL X^L uvJ-0£ ¢
tOaVEZNVQTSrcIQTH^H^cT£b`XhQ GEINOQ1FLFXKSZSrQBPRQTEﬃ`bX4 DiSIX^aOLiS¥qDFLiP p-JMcZY>[tVQTEZSIDiY>[FQ XhL Q%DRq















  	 	   	 	             
  
;)ﬀ  #T .?	0"	/#T
\;QTUdH¥nDRjkcZQ7cIQ©lFQ_S¥cZNVQ_S¥cZQ%XhLFQbSIX^LPX^W QTX^LRjzJOY>[iSrcIQ%LliJMHhH JMHKSPRa/GQTHmcIq=*aVEonaOSIQTS .Q7q
PRXhDFW§ Q_S¥cZQ%[FQTLiP JVDiSPRQ%E#aOE_nadSrQTL7.@JMcIEZX4ﬂ DFLiP PRQ%W u©HhDRjkcILiQ7cI¦Tg QTEIU §JMLRq
¦TDiSrQT[FQ%L/£3DFj NVEZDFLiP tVQTEZSZY>[FXhQTPRQTLFQ%EbE>PRLDFLFNOQ%L tVaOLBu©H¥nDRjkcZQ%L wz¦V£ p;£ .XhUEIaVq
UH¥nDRjkcIQO§]u©H¥nDRjkcIQDFLiP ~dconaVEZDFLFNdSr¦TaVLFQTL|A§<PRDiEZY>[  naOSIDFLFNOSFEZaV¦TQTSZSrQ?Q%EZg QTXmcZQ%EIcIQTE
u©H¥nDRjkcIQ!aRPRQ%E¦O£ p;£-[ 5PFEIaVcI[FQTEIWJMH;JMH^cIQTEIXhQ%EIcIQTEL.@JMcIEZX4ﬂ*Q%EZQ%XKY>[FQU,JMLiL QTSj>nDFE
















"  F FxQ7c-JMH¨£¤ $ﬂ$M¢|DFLiPLDFE X^LCQ_SraOLiPRQ%EZQ%Ll]nJVH^HhQ%LNOQ7cZEIQTLFLdc
*Q7cZEZJOY>[OcZQ7cg]Q%E>PRQ%L U naVLFLFQTL0£<`bX^Q[ 5RPRE>JMDFHhXhSZY>[FQTL G<XhNVQTLiSIY>[J,jkcIQTL QTX^LiQTS\;Q7q




HhXhY>[BtOaVLBPRQTL u©H¥nDRjkcZQ%L *QTSrcIXhWxWﬂc?w>&(' )%
5
,P) 9 P"1'  ¤ $ﬂ$ﬂd|A§ j>nDFEPFJVS
~ *Q%XKY>[FQTEItOQ%EZWnaONVQTL"XKS¥c<Q_SX^W HhH^NOQ%WxQ%XhLFQ%LxDFWxNOQ%UVQT[FEIcew'()$%&?Q%cJMH¨£R¤ $ﬂ$,O|7£
? nJV[FEIQTLiPxPRXhQ6.@J,cZEIXﬂFS¥cZE_naOW"DFLiNbLiJOY>[PRQ%LlHhX^Q:VNVQ_SrQ%cI¦TQ%LjZnDFE9*aVEonaOSIQ .Q7q
PRXhQ%L w ¦O£ p;£!' )+ "B¤ $&%MO|A*QTSZY>[FEZX^QQTL(g]Q%E>PRQ%L?U,JMLFL0§RWﬃnDiSZSIQ%LjZnDFEu©H¥nDFjkcIQvDFLRq
cZQ%E>SIY>[FXhQTPFH^XKY>[FQlH^XhQ1:ONVQ_SrQ%cI¦%QbJMLFNOQ%g]Q%LiPRQ%c<g QTEZPFQ%L0£d`bJOS
j DFLiPiJMWxQ%LdcZJVH^Qbl3HhXhQ1:Mq
NOQTSIQ7cI¦xj>nDiE"u©H¥nDFjkcIQV§PFJVSﬂ\;Q_SrQ%cI¦tOaVL  	 )   
.






























u©XhLFQTWxJMcIXKSIY>[iQ bXhSIUVadSrX^c nJMc  #%ﬁﬀ;

 .@XmcIcIHhQ%EZQv[ 5RPRE>JMDiH^XKSIY>[iQ;u©HhDRjkc na*LDFLiNOSIg QTXmcZQ   

  \;E>JVPFX^QTLOcPRQTE~dcZJVLiPREZaV[FE>SFX^QTNVQTH^[/naO[FQ  !

`bX^Q][ 5RPREZJVDFHhXhSZY>[FQ u©HhDRjkcona- LdDiLFNOSIg QTXmcZQ SrcIXhWxWﬂc[FX^QTE*Q%XLFXKY>[dcWxX^cPFQ%EWxQTY>[iJMq
LFXKSZY>[FQ%L
n
6 LDFLFNOSIg]Q%X^cIQnDG*Q%EZQ%XhL w  '  &()G" F
. .




 ¤ $ﬂ$ O|7£ 
.
6' )-) wr¤ $ 9R¤_| DFLP 
.
)('6xwr¤ $&%M| j aOEIWDFH^XhQ%EIcIQTLg QTXmcZQ%EZQ
QTW#iX^EZXhSZY>[FQO§U2¥QTPRaRY>[vLFXKY>[dcIHhX^LiQTJMEZQ<lH^XhQ1:ONVQ_SrQ%cI¦%Qj>nDiE0cIDiEFDiH^QTLOcZQ ~ iJVHmc>S¥cZE_naOW"DFLFq
NOQ%L0£-p]QTSrcIXhWWxQTLiPjZnDFEPFJVSL
aVEZHhX^QTNVQ%L QTX^LiQ%E?HhJVWXhLiJVEIQTL aPFQ%EcZDFE FDFHhQ%LdcIQTL
~dcZE naOW"DFLiN?XKSrc"PFJVS 
QTEI[ nJVHmcZLFXKSv¦%geXKSIY>[iQ%L y/E nJMNO[FQ%X^cZSrqeDFLiP eQ%X FDFLiNOSIUdE nJ,jkcZQ%L0§







0 P">)G" wr¤ $/$ﬂO|Q%XhLFQTL!p]Q7q









'61)%)('* )?geDFE>PRQﬂQTLOc>SIiEIQ_Y>[FQ%LiPaVjkcbDFLdcZQ%E>SrDiY>[dc"wz¦V£ pb£  '  &()3" 
 F
. .
xQ%cJVH £d¤ $,ﬁVi§ #"	
5
  '  &()3" F
. .
¤ $,ﬁF¤V§7#"	@¤ $ﬂﬁV¢i§ ' "
. -





























$P" " )3" 
w¨MVOO|©¦TD y3EZJOY7Q%EZtVQTEZSIDiY>[FQTLﬃXhL NOQ%EZX^LFNdPRDFE>Y>[FH nJVSZSrXhNVQTL!u©HhDRjkcINOEIDiLiPRg-JVSZSrQTEIHhQ%X^q
cZQ%EZL ¦%QTX^NVcQ%XhLFQﬃ[FaV[FQ!u©aVEZEIQTHhJMcIXhaVL ¦%geXKSIY>[iQ%L GEZSrcZJVLFUDFLRjkcI¦TQ%X^cPRQTE?y3EZJOY7QTE




'61)%)('* )@JVHhS;J-SIY>[FLiXmcIcZSIg QTXhSIQ"N nDFHmcZX^N w T
 
ﬁ QJT ﬁ  ﬁ TQ/|;JVLFNVQ_SrQ%q
[FQTL@g]Q%E>PRQ%L0§ PFJV¦%DW"D3:(QTSDFW:Q%XhLFQu©H^DRjkcona- LDFLFNOSIg]Q%X^cIQ%LtOQ%EIcIQ%XhHhDFLFNQ%EZg]Q%X^q
cZQ%EIc g]Q%E>PRQ%Lw ¦O£ p;£+1 )%) )-'
5
ﬀ" ($  ¤ $,ﬁF¤O§ ' "
. -
Q%c]JMH¨£i¤ $ﬂ$ 9V|A£/0Q7cZ¦7cZQ%EZQ
p]QTSZY>[FEZQ%X FDFLFNU,JMLFL *Q%X/GX^Li¦%Q%HhUH^DFjkcItVQTEZSIDiY>[FQTL?SIXhLFLtVaVHhH0SIQ%XhL0§RXhSrcﬃ2¥QTPFaY>[ *Q%X
PRQTE-~cIEonaVW"DiLFNOSQ_SIY>[iEIQTXFDiLFNﬂXhLu©HhDRjkcILFQ%cI¦Tg QTEIUOQ%L0§dX^L?PRQ%LiQ%L(PRXhQ©u©H^DRjkcZLFQ7cZ¦7q

NOQ%aVWxQ%cIEZX^Q;X £ P £ v£RLFXKY>[dc-NOQ%LiJVDC*Q%U,JMLiLOcXKSrc-DiLiPPFX^Q©[ 5RPREZJVDFHhXhSZY>[FQ%L 
Q%EZH^DS¥cZQ









LDFLFNdSrg]Q%X^cIQ *Q%EMnDiY>URSrXKY>[dcIXhNMcvw  '    )ﬃ¤ $ﬂ$OO|7£

























ﬁ OGQ-R3R%S1T*R&M§V6G0£VF£^¤o|A§ogeX^Q-SIX^QeJMDY>[ﬂX^L /JaOErq DFLiPlFQTHhPFtVQ%E>SIDiY>[FQ%LtVaOL21 )+











'  *)@wr¤ $/$ﬂ$O| *Q%a/iJVY>[dcZQ7cgeDFE>PRQTL0£*{X^QTErq
PRDiEZY>[ *QTSrcIQ%[iQ%L
JME>JMHhHhQ%HhQ%L"¦TgeXhSZY>[FQTLu©HhDRjkcrqDFLiPuvJVEZSrcINOEIDFLPRg]JOSISIQ%EZHhQ%X^cIQ%EZL0£
`bDFE>Y>[  naOSIDFLFNdS¥q>§Ml-nJMHhH^DFLiNOSrq/DFLiP~dcZa- tVQTEIHKJMNOQ%EZDFLFNOSFEZaV¦TQTSZSrQ<U naOLFLFQ%LH*Q7q




, Q%cJVH £]¤ $/$ﬂ$O|7£3lXhLiPRQ7cxQ%XhLFQ?0FiD3:VUVaOLF¦%QTLdcIE>J,cIXhaVL QTLOcZHhJVLFN *Q%tOaVEZ¦%DFNVq
%
cZQ%ElH^XhQ1:/RjzJVPFQ©SrcZJMcrc_§iSrajZnDF[FEIcSIX^Q©¦%D?[/naO[FQ%EZQ%LlH^XhQ1:ONVQTSZY>[geX^LPRX^NOUVQTXmcZQ%LDFLP
















`bQ%E!¦%g]Q%XKPRXhWQTLiSIX^aOLiJMHhQ y3EZJVLiSI*aVEIcNOQ%H naOSrcIQ%E ?!JOSISIQ%EZX^Li[iJMH^cZSZS¥cZa- Q XhL Q%XhLFQ%E
u©HhDRjkcﬂwz6G0£iR£ V|<U,JMLFL?LiJVY>[ 9)3 )3"Q7ceJMH¨£ w¥¤ $ﬂﬁ/9O|
DFLP  	ﬃQ7ceJMH¨£ w¥¤ $ﬂﬁF¤o|
nDG*Q%Ej aVHhNVQ%LPRQﬂ\;H^QTXhY>[DFLFN *QTSZY>[FEZX^QQTLg]Q%E>PRQ%L/¡
A d v e k t i o n
A d s o r p t i o n - D e s o r p t i o n
A d s o r p t i o n - D e s o r p t i o n
M a t r i x -  




A d v e k t i o n
D i s p e r s i o n
M a t r i x -  
d i f f u s i o n














































































 .X^crcZH^QTEIQﬂlHhX^Q:VNVQ_SIY>[geXhLiPRXhNVUOQ%X^c  	#%&ﬀ 

ﬃ(' .0/ {05RPREZaRP5LiJMWxXKSIY>[iQ%Ee`XKSQTEZSIX^aOLiSIUVaQ¦%XhQ%Ldc  #%ﬁﬀ;


 u©aVLi¦%Q%LdcZEZJMcIXhaVL(XhW aOEIQTLg]JOSISIQ%EPFQ%E6.@JMcIEZX4ﬂ   A







	 C*QTErjzJVH^HKSrUOaVLiSrcZJVLdcIQaRPRQTE0GJMDFE>J,cZQ  !

sLOcZQ%EL




















  w F£ d|









aOSrcIQTL ? JVSZSIQ%EZX^LF[JMH^cZSZS¥cZa- Q%L geX^E>P PRDFE>Y>[
QTX^LFQ`X*QTEIQTLF¦XhW [ 5RPREZaOSrcZJMcIXKSIY>[FQTLBaMcIQTLdcIXKJMH^j Q%HKP w PRtOQ%UdcIXhaVL XhWQ%LFNOQ%EZQ%L




























NOQ7jzJ-:Vcﬂg QTEZPFQ%L w' )+ " ¤ $ %VV|A£3`XhQ(`bXhSQTEZSIXhaVL JMDFj NVEZDFLiP PRQ%EWxaVHhQ%UDFHKJMEZQ%L





















ﬃ 2¤ w F£ 9O|
ﬃ('*) 0aOLFNVX^cIDiPFX^LiJVH^Qv`bXhS*Q%E>SrXhaVL  	$#%&ﬀ;



















WxQ%L/§Fg QTEZPFQ%L(X¨£ P £ ﬂ£iJ-*Q%EeNOH^QTXhY>[?G<XhLiS-NVQ_SrQ%cI¦7c_£FfDFEeXhLPRXhQTSIQ%W lJMHhH0SrXhLiP?PRX^Q








&,P'  *)(¤ $ﬂ$&%M|7£ ?!Q%HKY>[FQTE0F[ 5RSrXhU,JMHhXhSZY>[FQ©<EZaV¦%Q_SIS]¦TDPFQ%L\;QTSZY>[geX^LFq







Y>[FQ;WxXmcQTX^LiQ%W uvJFX^HhHKJMEZE_naO[FEIQTLFWxaRPRQ%HhH3*QTSZY>[FEZX^QQTL(g]Q%E>PRQ%LUoJVLFL w  "
.
"
¤ $/9 d|A£} LFLFQTEI[iJVH Q%XhLFQ%ExG<XhLF¦%QTH^UHhDRjkcXhSrcPRX^Qp]QTSZY>[FEZQ%X FDFLFNPFQ%E`XKSQTEZSIX^aOL
JVHhS0!' $ 	 SZY>[FQ%E<EZaV¦%Q_SISxPFJV[FQ%E(Q%E>S¥cLiJOY>[Q%XhLFQ%EUEZXmcZXhSZY>[FQTLGX^LdcZEIX^crc>SrH nJMLFNOQ







)%   )G"
5
ﬃ) ¤ $ﬂ$V¢d|7£Fp QTX0PRQ%EDiSIg QTErcZDFLFNxtVaOL 3J-*aVEIq
tOQ%E>SrDiY>[iQ%LJVLﬃG<XhLF¦TQ%HhUdH¥nDRjkcZQ%L!geX^E>PPRXhQQ%XhLFNVQ_SIY>[FEonJMLiUOcZQLdg]Q%LPiJMEZUVQTXmc©PRQTS






¦O£ p;£ PRXhQtOQ%E>SIY>[iX^Q_PRQ%LFQTL ?!Q%NVQxPRDFE>Y>[ﬃPiJVS©u©H^DFjkcILFQ%cI¦%g]Q%EZU¦%D!DFLdcIQTEZSZY>[FXhQTPRHhX^q
Y>[FQTLDRj Q%LdcI[JMH^cZSI¦%Q%X^cIQTLDiLiP¦TDQTX^LFQTE NOQ%aOWQ%cIEZXhSZY>[FQTL(`XKSQTEZSIX^tX^c_nJMc©w' )P"
¤ $ %MO|A§dPRX^Q©J-Q%XhLFQ%EeJVDiSrEZQ%XKY>[FQTLiPRQ%LLF¦TJV[FH tVaOL(u©H^DFjkcItVQTEZSZY>[FLFQTXhPFDFLFNVQTLWxXmc
QTX^LFQTWE0!' $ A+ SIY>[FQTLLiSIJMcI¦ Q_SIY>[iEIXhQ1*Q%Lg QTEZPRQTLU,JMLFL/£LiJMHhaVNNVXhH^c-PRXhQTS j>nDFE
DFLdcZQ%E>SIY>[FXhQTPFH^XKY>[FQlHhX^Q:Vg]Q%NVQwﬁEO3QJRKR%S1T |0XhLFLFQTEI[JMH ﬂQ%XhLFQ%Eu©H^DFjkc]w1#)G" )+ ('*)  
¤ $ﬂ$ﬂd|A£*sLdcIQTE;p]Q%EMnDiY>URSIXhY>[dcIXhNVDiLFN(PRQ_SbPRX DiSrXhtVQTL!~dcZa- JMDiSrcZJVDiSZY>[FQTS¦%geXKSIY>[FQTL














*Q%E>SrXhaVLxLFXhWxWﬂcXhW Q%NVQTHmjzJVH^HiWX^c PRQTEp]Q%a/iJVY>[dcIDiLFNOSZSrU,JVHhJ¦%D@w1#)G" )+ ('*)  
¤ $ﬂ$ﬂi§F0G/£ F£ d|A£y-[iQ%aVEZQ7cZXhSZY>[FQ
n
s6QTEIHhQ%NODFLFNVQTL¦%Q%XhNVQTL 2¥QTPRaRY>[0§*PFJ-:SrXKY>[PRX^Q
HhaVLFNOXmcZDiPRXhLiJMHhQ`bXhSQTEZSIXhaVLJVS5W RcIaVcIXKSIY>[Q%XhLFQ%W \;EZQ%LF¦Tg QTErc<L nJV[FQ%EIcw  ),
*, ¤ $/$d|A£
6G0£F£ i¡R} L\;QTH¨nJVLiPRQ%tOQ%E>SrDY>[FQ%L QTaiJOY>[OcZQ7cZQ;SIU,JMHhQ%LiJF[/nJMLiNVXhNVQb`bXKSI*Q%E>SrXhtXmq
c_nJ,cZQ%LBw
 )/&P"Q%cJMH¨£0¤ $,ﬁ/9V|
~aOEiX^QTEIQTLiPRQA? JVSZSrQTEIXhLF[iJVHmc>SISrcIa*QU naOLFLFQTL"Q%XhLFQTEY>[FQTWxXhSZY>[ *QTPRXhLFNMcZQ%LG<EIq
[/naO[FDFLFNBPRQTE`XKSI*Q%E>SIX^aOL DFLdcZQ%EZH^XhQ%NOQ%L0£<sLOcZQ%E>SIY>[iX^Q_PRH^XKY>[FQlH^XhQ1:ONVQTSZY>[geX^LPRX^NVq





ﬂ >'  & ¤ $ﬂ$V¢d|A£FfDFWxQ%EZXhSZY>[FQvsLdcZQ%E>SrDRq
Y>[DFLFNOQ%L tVaOL   )Q7cJMH¨£w¥¤ $ﬂ$ %V|>QTH^QTNVQ%L PFX^QQTEI[/naO[dcIQ`bXhSQTEZSIXhaVLBPRDFE>Y>[
~aOEFcIXhaVL JML PRQ%L >*Q%EF3nJVY>[FQTL QTX^LFQTEu©HhDRjkcT§g]a*Q%XﬂPFX^Q C*DiLiJM[FWxQBPRXhEIQTUdc






DRj NVEZDFLiPQTX^LFQ_Su©aVLi¦%Q%LdcZEZJMcIXhaVLiSINVE>JVPRXhQ%LdcZQ%L ¦TgeXhSZY>[FQ%L u©HhDRjkcrqDFLiP aOEIQTLRq
g-JVSZSrQTEUVaVWxW"cQ_S
¦%DxQTX^LFQTW PRX DiSrXhtVQTL~dcIacZEZJVLiSI*aVEIc<PRDFE>Y>[PFX^Qu©HhDRjkcIa/QTErq
F3nJOY>[FQ%Lw \;H¨£OF£ O|X^LxPRXhQ0.@J,cZEIXﬂ §MPRQ%EAiEIa/aOErcZX^aOLiJMH¦%DiW u©aVLF¦TQ%LdcIE>J,cZX^aOLiSINVE>J,q
PRXhQ%LdcZQ%LDFLiP¦%DFW Q Q%UdcIXhtVQTL?`bX*DiSIXhaVLiSIUVaQ¦TX^QTLOcZQ%L?XhSrcﬂw F£ 0 ' $ A+ SZY>[FQﬂ\;Q7q
SIQ7cZ¦V§*\;H¨£ R£ O|A£*`X DiSrXhaVLQ%EZWnaONVHhXhY>[dcPRQTLﬃ~dcZa-*cIE>JMLiSaOErc¦TD@Q%XhLFQTW NOEIa/:VQ%W
aOEIQTLdtOaVHhDFWxQ%L DiLiPSraOWX^c¦%D ~aOEFcIXhaVLiSFH nJ,cI¦TQ%L0£<p]QTXhPRQEIaO¦%QTSZSIQW nDiSZSrQTL
2¥Q_PRaRY>[NVQ7cZEIQTLFLdc0Q%cIE>JVY>[dcIQ%cg QTEZPFQ%L0§iPiJxQ%XhLFQﬂPRX*DiSIXhaVLiSIH^XhWxXmcZX^QTErcZQ~aOERcZX^aOL
DFLP`Q_SraOEFcIXhaVL(SIaVLiSrcWxX^c]QTX^LFQTEUXhLFQ7cZXhSZY>[FQ%L?~aVE RcIXhaVLtOQ%EZg Q_Y>[iSIQ%H^c<g QTEZPRQTL





cZDFLFN PRQTE(`bDFEZY>[ FEZDiY>[iSIUDFEZtVQ w tVQTEINOH^QTXhY>[ iJVExWX^cPRQTL Gﬃ Q%UdcIQTL PRQ%EcZEZJVLiSrq




1#)G" )+ 6'*) ¤ $ﬂﬁi¤_|r|7£(
Q%E>SZY>[FX^Q_PRQ%LiQ
JVLiJMH 5dcIXKSIY>[FQ  naOSIDFLFNVQTLPRQTEy3EZJVLiSI*aVEIcINOH^QTXhY>[DFLiNjZnDFEu©HhDRjkcZNVEZDFLiPRg-JVSZSrQTEIHhQ%X^cIQTE
WxX^c"PRX4 DiSIX^tOQ%W~dcIa JVDiS¥c>JMDiSZY>[XhL Q%XhLFQ aOE_nadSrQ .@JMcIEZX4ﬂgeDiEZPRQTLﬃQTLdc¥geXhY>UOQ%H^c




 >' $  )%¤ $,ﬁVF§*¤ $,ﬁF¤O§1#)G" )+ ('*) ¤ $,ﬁVi§ 	Q7c
JVH £¤ $ﬂﬁi¤V§ﬂ ),P' $  
5



















*aVEIcQ%XhLiPRQ%DFcIXhNBtVaVLiQ%XhLiJMLiPFQ%EJ-FNOQ%NOEIQTLF¦7cg QTEZPRQTL U,JVLFL w$P" " )G"  Q7c(JVH £















PRDiEZY>[ PRXhQ(JVDF[FXhNVUOQ%X^c"PRQ%Eu©H^DRjkcZa*Q%EF3nJVY>[iQ@w ﬁ OGQJRKR%S1T*R _|8QTQ%XhLFiDG:VcT£P
QTErq
SZY>[FXhQTPRQTLFQ!~dcZDiPRXhQ%L ¦%QTX^NOQ%L PRQTL GX^LFDG: PRQTE?6FiDG:OUVaOLF¦%QTLOcZEZJMcIXhaVL XhL p]Q7q
EZQ%XKY>[FQ%L QTEI[/naO[FQ%Eu©HhDRjkc_na*LDFLiNOSIg QTXmcZQ%L w ﬁ OGQ-R3R%S1T*R&T|@DFLiP PFJVWX^cPRQTEeQ7q
PRDiUOcZX^aOL PRQTE¦%DFN*nJMLFNOH^XKY>[FQ%L >QTEIF3nJOY>[FQ%L jZnDFEQ%XhLFQ%L PRX4 DiSIX^tOQ%L ~dcIacZEZJVLiS¥q
*aVEIc@w ¦V£ p;£ 


















ﬃQ7c;JMH¨£0¤ $/$ﬂﬁF§ 0!" ' $ ¤ $ﬂ$ﬂi§ ﬂ%' '  &P" '4
D
)*F FG'Q7cbJVH £/¤ $ﬂ$&%M|7£
  **($%&
5








ﬂ ),P' $  
wr¤ $ﬂ$ 9V|UVaVLiLOcZQ%L@XhL!LdDiWQTEIXKSZY>[FQ%Lﬃ~cIDiPRXhQ%L JMDFj ¦%Q%XhNVQTL0§ geX^QQ%XhLUOaVHhH^aOXhPFNVQ7cZEZJMq
NOQ%LFQTE-~dcZa-*cIE>JMLiS*aVEIc9QTX0~aVE RcIXhaVLPRQ%Ee~RY>[iJOPFS¥cZa- QbJVLQ%LdcZSFEZQTY>[FQTLiPNOEIa/:VQ
u©aOH^HhaVXKPRQﬂPRXhQ8.@JMcIEZX4ﬂFPRX*DSrXhaVLJMDSISZY>[FHhX^Q:VQ%L?DFLiPSIaVWxX^cbPRXhQ"y3EZJVLiSI*aVEIcIE>J,cZQ%L
SIX^NOLFXﬁiU,JMLdcQ%EZ[/naO[FQ%LxU,JMLFL/£OG<XhLFQJVDiS¥j>nDi[FEIHhXKY>[FQp]QTSZY>[FEZQ%X FDFLFNvPRQTE `bX4 DiSIX^aOLiS¥q
FEZaV¦TQTSZSrQ;Q%EIj aVHhNMceXhLuvJ-FX^cIQTH/R£ F£
    ﬂ'+ﬁ/
~aOEFcIXhaVL QT¦%Q%XKY>[FLFQ%cﬂJMHhH^Q<EZaV¦TQTSZSrQO§ig]Q%HKY>[FQx¦%D!Q%XhLFQ%EﬂliQTSrcIHhQ%NODFLFN wzPiSraOERq
cZX^aOL|ﬀF¦Tgv£Q%WxaFXhHhXhSIX^QTEIDiLFN wz`bQTSIaVE RcIXhaVL*|vtVaOL .aVHhQ%U/nDFHhQ%L0§]cIaOWxQ%LBaRPRQ%E
} aOLFQ%L wzPRQTW PiSraOEiJMc>|JML F¦%gv£
tOaVL Q%XhLFQ%Ej QTSrcIQTL >*Q%EF3nJOY>[FQ!w PRQ%W Pq









PRDiEZY>[DiSFX^HKPRDFLiNY>[FQTWXKSZY>[FQ%E;p XhLiPRDiLFNVQTL0§*6iSIaVE RcIXhaVL@PRDiEZY>[} LdcIE>J-JMEIcIX^q
UOQ%HKPRX4 DiSIX^aOL DFLiP ~aVE RcZX^aOL JML XhLFLFQTEIQTL >*Q%EF3nJVY>[FQTL w  
. .
























QTEZSIDiY>[FQTL *Q%XvUVaOLiSrcZJMLdcZQ%Ey/QTW#*Q%E>J,cZDFE Q_S¥cZX^WxW"cBw uvJ-0£
i£^¤O£ O|<DFLP(WxX^cb~aVE RcIXhaVLSrXKSraVcI[FQTEIWxQTLQ_SIY>[iEIXhQ1*Q%L0£F`bXhQ;QTX^LFjzJVY>[iSrcIQ©}¥SIaMcI[iQ%EIq





















PFJOS]cIEZaY>UOQ%LFQ©lFQ_S¥c>S¥cZa- NVQTgeXhY>[dc  ﬁﬀ;

¤
  ~dcZa- UVaVLi¦%Q%LdcZEZJMcIXhaVL(XhLPRQ%E
\;HhQ%XKY>[FNVQTgeXhY>[dcZSIH naOSIDFLFN   A

`bX^Q LFLiJV[FWxQ<Q%Ldc>SIFEZXKY>[Oc0QTX^LiQ%E/DiL *Q%NOEIQTLF¦7cZQ%L"C JV[FHMNVHhQ%XKY>[g QTErcZX^NOQ%E/~aOEFq
cZX^aOLiSIiH¨nJMcI¦%Q
DiLiP©U,JMLFLvPFJV[FQ%E0LDFE0jZnDFE0NVQTEIXhLFNOQ
~cIa- UVaOLF¦%QTLdcIE>J,cIXhaVLiQ%L©JMHKS N nDFH^cIXhN
JVLFNVQ_SrQT[FQ%L g QTEZPRQTL0§SIX^Q!geX^E>P72¥QTPRaRY>[ JMDRj NOEIDFLP Xh[FEZQ%EG<XhLRjzJVY>[i[FQ%X^c[/nJMDﬁN
XhL ~dcZa-*cIE>JMLiSaOErcZWxaPFQ%HhH^QTL tVQTEIg]Q%LiPFQ7cT£;`QTE!Q7cZJVEZPiJ,cIXhaVLSrUOadQ1¦%XhQ%LdcPRQ%E


























>*Q%EF nJOY>[FQ%LtVQTErcZQ%XhH^DiLFNOSIUVaQ¦TX^QTLOc   

 
















`bX^Q©SIaVE FX^QTErcZQb~dcZa- WQTLFNVQbgeX^E>P*Q%X PRQTW >QTEIF3nJOY>[FQ%LtOQ%EIcIQ%XhHhDFLFNOSIUVaQ1x¦TX^QTLRq
cZQ%Lw \;H¨£3R£%M|LFXKY>[OcﬂJVDRj]PFJOS;cIEZaRY>UVQ%LiQlFQ_S¥c>S¥cZa- NVQTgeXhY>[dcw \;H¨£/R£ O|7§ SIaVLPRQ%EZL
JVDRj]PRXhQu©H^DFjkcIa*Q%EF
n





















PFJ: N(O3QJRKR%S1T*R 7q GA*QTUdcIQvXhLFLFQ%EZ[iJVH?Q%XhLFQ%Ebu©H^DRjkc¦TDNOQ%EZX^LiNVQ%EZQ%L?SI*Q%¦TX4ﬁ*SIY>[FQTL
u©HhDRjkcIa/QTEIFnJVY>[FQTLﬃDFLP!SIaVWxX^cv¦%D Q%XhLFQ%EvtOQ%EZWxX^LiPFQ%EIcIQ%L >*Q%EF3nJVY>[FQTLFEZQ7cZJVEZPiJ,q
cZX^aOL jZnDF[FEZQ%L0£2 ",P)G" 	 " 0ﬃQ7cJVH £]w¥¤ $ﬂﬁﬂﬁd| Q_SIY>[iEIQTX*Q%L PRXhQ(p]QTSrcIXhWxW"DFLiN
QTW#iX^EZXhSZY>[FQTE 
Q%EIcIQ%XhHhDFLFNOSIUVaQ1x¦TX^QTLdcIQ%L(jZnDFEu©HhDRjkcIa/QTEIFnJVY>[FQTL0£
















UOaVLF¦TQ%LdcIE>J,cZX^aOL|egeXhQTPRQTEw tNVH¨£/\;H £/F£ ﬁd|A£ p]Q%X
PRXhQTSIQ%Evp]Q7cZEZJOY>[OcZDFLFN?Q%EIj aVHhNMc©PRX^Q




@	_|xw 9)+3 )G" Q7c"JMH¨£<¤ $ﬂﬁ/9O|A£ lnDFEvLFXKY>[dc"SraOEFXhQ%EZQ%LPRQ
¤T¢





Q%EIcIQTX^HhDFLFNdSrNOH^QTXhY>[iNVQ%geXKY>[dcIQU naVLFLFQTLv¦V£ p;£%PRDFE>Y>[vPRX^Q"0!" )),


















@  ~aVE RcZX^aOLiSrUOaVLiSrcZJVLdcIQ "!

8 ~aVE RcZX^aOLiSrQ1ﬂaOLFQ%Ldc "!

  .@J ﬂRXhWJMH0JVPiSraOEFXhQ%E iJVEIQb~cIa- WxQ%LFNOQ  ﬁﬀ;

 
  LFX^c nJMcZSIUVaVLS¥c>JMLdcIQ  	,&ﬀ;

`bX^Q>0!" )), ' $%&*q¨}¥SIaMcZ[FQ%EZWxQw<0!" )),"/' $%& ¤ $d d|<LFXhWxWﬂcQTX^LFQvQ1ﬂaOLFQ%Ldcrq
XhQ%HhH^Q0FLiJV[FWxQPRQTE[FaRY>[FQTLFQ%EZNVQ%cIXKSIY>[FQTL@~aVE RcIXhaVLSIFH nJ,cZ¦%QvWxX^cb¦%DiLFQ%[FWxQTLiPRQ%E
p]Q%HhQ%NODFLFN w u©aVLF¦TQ%LdcIE>J,cZX^aOL|JVL0£]}¥S¥cPRQ%E~aVE RcZX^aOLiSrQ1ﬂaOLFQ%Ldc(NOE_na/:VQ%EG<XhLiS%§
SIa XKS¥cPFQ%E?~FY>[iJVPFSrcIacZEZJVLiSaOErcXhW 
Q%EZNVHhQ%XKY>[ ¦TD Q%XhLFQTEH^XhLFQ_JMEZQ%L #)("
/q
}¥SIaMcZ[FQ%EZWxQtOQ%EZ¦OnaONVQ%EIcw >&()G" "
 Q7c"JMH¨£<¤ $ﬂﬁM¢|A£ `bX^Qj>nDiEﬂ[ 5 *Q%E *aVHhXhSZY>[FQu©DFEIq
tOQ%LtVQTEIH nJMDRj Q!NVQTQ%XhNVLFQ%cIQ  "	)('*"q }¥SraVcI[FQTEIWxQ QTEIDi[OcJVDRjPRQ%E@LFLiJM[iWQ
QTLFQ%EZNVQ%cIXKSIY>[ﬂNOH^QTXhY>[g]Q%EIcIXhNVQTET§7WxaOLFaVWxaVHhQ%UDFHKJME QTH^QTNMcZQ%E<~aVE RcZX^aOLiSIiH¨nJMcI¦%Q aV[FLiQ
NOQ%NVQTLiSIQ%X^cIXhNVQ p]QTQ%XhLFiDiSZSrDiLFNw  "	)('*"¤ $F¤ﬁO|A£ ?!Q%X^cIQ%EZQ-LFXKY>[OcZH^XhLFQ_JMEZQ-~aOEFq
cZX^aOLiSrXKSIaMcI[iQ%EZWQTLgeXhQbPRXhQ('  bq¨}¥SIaMcZ[FQ%EZWxQ"w' " ))()G"Q%c]JVH £*¤ $,ﬂﬁO| ﬁiLiPRQTL
SIXhY>[?XhL ' )+ " wr¤ $ %VV|aRPRQ%E 0!)+  )G" w¥¤ $ﬂ$ﬂ$d|A£
`bX^Q"~RaVE RcIXhaVLiSIXKSraVcI[FQTEIWxQ%LPRQTEb\;H^QTXhY>[iNVQ%geXKY>[dcZSIEIQ_JMUdcIXhaVLiQ%LSIXhLiPJMHhNVQFEZJMq
XKSIY>[iQbp]Q%¦TX^QT[dDiLFNVQTL¦%geXKSIY>[iQ%LPRQTLC*Q7cIE>JVY>[dcZQ7cIQTL\;Eona:VQTL0£O`bXhQ;liaVEZW"DFHhX^QTEIDiLFN

























PRXhQu©aVW8iX^LiJMcIXhaVL tOaVL } LdcZEZJiJMEIcIXhUVQTHhPRX DiSrXhaVL wz`bX4 DiSIX^aOL tOaVW aVEZQ%LFE>JMDiW
XhL XhLdcIE>JMNOEZJVLdDiHhJVEIQ .XhUEIaOUH¥nDRjkcZQ_|(DFLiP JMHKS(XhLiSrcZJVLOc>JML JMLF¦TDiSrQT[FQ%LPRQ%E@>QTErq
F3nJOY>[FQ%LSraOERcZX^aOL w ~RaVE RcIXhaVLJML PRQ%L >QTEIFnJVY>[FQTL PRQTEXhLdcIE>JMNOEZJVLdDiHhJVEIQTL.Xmq






























Xh[FEZQTSb[ 5RPREZai[Fa*Q%LDFLP@HhX*aF[iX^HhQ%L " [iJME>JMUdcIQTEZSX^W:g]QTSIQ%LdcIHhXKY>[FQ%LJVL@aVEZNOJMq
LFXKSZY>[FQ%Lp]QTSrcZJVLiPcIQTX^HhQ%LPRQ_SlFQ_S¥cZNVQTSrcIQTX^LSvwzSIa,geX^Q©NVNVj¥£iPRQTE
JMEIcIXhUVQ%H ,u©aOH^HhaVXKPRQ
XhW ? JVSZSrQTE>|S¥c>J,cIcwz¦V£ p;£  
ﬁ
)G"& Q7cJMH¨£-¤ $ 9R§ ' " '6	"	 ﬃ¤ $,ﬁF¤V§
D
P" ' $ 
&
.
00 ¤ $,ﬁM¢d|7£ `bQ%E 
Q%EIcIQTX^HhDFLFNdSrUOadQ1¦%XhQ%Ldc(U,JMLFL PFJM[iQ%EJVDRj"PRQTL aVEZNOJVLFXKSIY>[





















 u©aOLiSrcZJMLdcZQ%L  !

 OQ[ 5RPREZaF[Fa/QTE DiLiPHhX*ai[FX^HhQ%E]Q%XhLFQ;aVEZNOJVLFXhSZY>[FQ 
QTEFXhLiPRDiLFNi§RJMDSrNOQTPRE nDiY>Udc
PRDiEZY>[!PRQ%L ;YAc>JMLFaOH J?!JOSISIQ%EIq=





PRQ_S¥cZaﬃ[/naO[FQ%ExPRXhQ?y3Q%LPRQ%LF¦JML lFQ_S¥c>S¥cZa- Q%L WxX^caVEIq
NdJMLFXKSIY>[iQ%W u©aO[FHhQ%LiSrcIa*NOQ%[iJVHmc¦TDSraOEiX^QTEIQTL0£R}¥S¥c©PRQ%E>
Q%EIcIQTX^HhDFLFNdSrUOadQ1¦%XhQ%Ldc
¦TgeXhSZY>[FQ%L aOEINdJMLFXKSIY>[iQ%W u©aO[FH^QTLiSrcIa- DiLiP ?!JOSISIQ%E @CBDvjZnDFEﬂQTX^LFQ(aVEZNOJMLiXhSZY>[FQ














P" ' $  &
.
00Q7c3JVH £M¤ $ %$F§
D



























JVDiY>[6iSIY>[3nJ,cI¦TtVQTErjzJV[FEIQTLJVDRj*p-JVSIXKSPFQ%EA.aOH^QTU/nDiHhSrcIEZDFUdcIDFEw  " "Q7cJVH £
¤ $ﬂ$Vi§1  
5






 ) &  ¤ $ﬂﬁV¢d|aPFQ%EPRQTE-cIaVcZJ,q




















 ) &  wr¤ $,ﬁM¢d|7£/`;JPRX^Q
















JFNVQ_SIY>[/nJMcI¦%c©g]Q%E>PRQTL w<0!)+  )G" ¤ $/$ﬂ$F§97'* )G" Q7cJVH £ ¤ $,ﬁ/9R§97)+Q7cJVH £
¤ $ﬂﬁVd|A£`;J *Q%X©PRX^Q_SrQTW LiSZJ,cI¦ﬃPRX^QﬃJMLFaOEINdJMLFXKSIY>[iQ~aOEFcIXhaVL JML .XhLFQTEZJVH^aVq
*Q%EF3nJVY>[iQ%LtVQTEILJVY>[FH nJVSZSrXhNMc_§RQ%XhLFQ"HhXhLFQTJVEIQ~RaVE RcIXhaVLiSIXKSraVcI[FQTEIWxQvJMLFNOQ%LFaOWxWQTL
DFLP!PFQ%EvaVEZNOJVLFXKSIY>[FQu©aV[FHhQ%LiSrcIa LFXKY>[OcﬂPRX Q%EZQ%LF¦TX^QTErcvgeXhEZP § g]Q%XKSrcvPiJVSﬀ@ BED q
u©aOLF¦%QRc SIX^NOLFX4ﬁUoJVLdcIQGX^LiSZY>[FEonJMLFUDFLiNVQ%LxJMDFj¥£ )("& '6eQ%c]JVH £*w¥¤ $,ﬁd|¦%Q%XhNMcZQ%L0§
PFJ:PRX^QJVLFaVEZNOJVLFXKSIY>[FQ~aOERcZX^aOLﬃLiXhY>[dcﬂtVQTEILJVY>[FH nJVSZSrXhNMc;g QTEZPFQ%L U,JMLFL0§/g QTLFL









j nDFEvPRXhQ\ nDFHmcZX^NOUVQTXmcﬂPRQ_S @ BD q u©aOLF¦%QRcIQ_SXKSrc;NOQ%NVQQTL












~ *Q%¦TX4ﬁ*SIY>[FQvSIX^HhXhUoJMcIXKSIY>[iQﬂ>*Q%EF3nJOY>[FQ  	$ﬁﬀﬂ

9 $ $ "* !Q7c-JMH¨£w¥¤ $ﬂﬁi¤_|DFLiP
D












?Q%cJVH £d¤ $,ﬁM¢d|7§%SIaPFJ-:[FX^QTE3g]Q%X^cIQTEIQ Lg QTLiPRDFLiNOSINVEZQ%LF¦TQ%L








   
 /    ﬂ-.ﬂ
	  ﬃ 
 // #%$'&ﬁﬂ 	  
`bQ%EE>JVPRXhaOJVUdcIXhtVQ C Q%EIjzJMHhH;geXhE>P XhL PRQTL y3E>JMLiSaOErcZNVHhQ%XKY>[DFLFNVQTL nDG*Q%EQ%XhLFQTL




















Y>[FQTEI[iQ%X^c©tOaVL!G<LiPRHKJMNOQ%E>S¥conJ,cIcIQ%LﬃDFLdcIQTEZSIDiY>[dc;DiLiP Q_SIY>[FEZXhQ1*Q%Lg]aVE>PRQTL w ¦O£ p;£
¤%












bEZNOJVLFXhSZY>[FQ ~RY>[iJVPiS¥cZa- Q Sra,geXhQ!PFX^QBaOEINdJMLFXKSIY>[iQ ~D3iS¥c>JMLF¦ PFQ%E .@JMcIEZX4ﬂ
U naVLiLFQ%LY>[FQ%WxXKSIY>[J-iNVQ1JMDRceaRPRQ%E0.@X^UEZa*Q%LJMHKS]GLFQ%EZNVXhQVdDFQTH^HhQ©PRX^QTLFQ%LDFLP
PFJQTX;cIE>JMLiSrj aVEZWxX^QTErc FXhSJFNVQiJMDRc?g QTEZPFQ%L0£-`XhQ .XhUdEZa*Q%L FX^HKPRQTL Q%XhLFQTL
SIaVNOQ%LiJVLFLdcIQ%L?p]X^aﬁiH^W6JVL?PFQ%Lu©H^DRjkcZa*Q%EF nJVY>[iQ%L(DiLiPJF[ nJVLFNVXhN"tOaVW aOEIQTLRq
[iJVHhSZPRDFE>Y>[FWxQTSZSIQ%EJVDiY>[@JMLPFQ%Lu©aOEILFa/QTEIF nJVY>[FQTL?PRQTE .J,cIEZXﬂ £*`QTE>iX^aOH^aONVX^q
SZY>[FQe0GJMDxQ%EIj aVHhNMcX £ P £ v£MDFLdcZQ%EJVQ%EZa*Q%Lp]Q_PRX^LiNVDFLFNOQ%L0§,[3nJMDﬁiN©geDFE>PRQeJ-*Q%E
JVDiY>[QTX^L6GiJMDDFLdcZQ%EJMLJMQ%EZa*Q%L?p]QTPRXhLFNVDiLFNVQTLLiJOY>[FNVQTgeX^Q_SrQTL0£
sLOcZQ%E"PFQ%EﬂJVLiP*QTPRXhLFNVDiLFNi§/PiJ-:@PRQTE"0GJMD LDFEﬂtVaOL!PFQ%E"u©aOLF¦%QTLOcZEZJMq





g QTEZPRQTLwﬂ,$%& '0 )G"!¤ $ﬂ$/$O|A£MGXmq
LFQvUOaVW FHhQﬂRQ%EZQ;DFLiPEZQTJMHhXKS¥cZXhSZY>[FQ%EZQbp]Q_SIY>[FEZQ%X FDFLiNxPFQTS!FXhaVHhaVNOXhSZY>[FQ%L03iJMDiS











} LPRQ%LSIX^QF¦%XhNVQTE= dJM[FEZQ%L geDFE>PRQ?PFX^Q .@JMcIEZX4ﬂFPRX*DSrXhaVL X^W C DiSIJVWxWQTLF[iJVLFN
WxX^cQTX^LiQ%W y3EIX^cIXhDFW FEZa-ﬁiH©XhW u©EIQTXhPFQ%U,JMHhU G<LFNOHhJVLiPFS¦%DFW QTEZSrcIQTL .@JVH©JVHhS
EZQ7c>JME>PRX^QTEIQTLiPRQTEy/E>JMLiS*aVEIcFEZaV¦TQ1:Q%EZUoJVLFLdcw<0
.










 ¤ $ﬂﬁ 9R§ ﬂ "	P')
5
1 )G" ) P'*)  x¤ $ﬂﬁ F§ 0!" ' $  ¤ $ﬂ$OO|7£
`bX4 DiSIX^aOLgeXhEZPPRDFE>Y>[Q%XhLFQTLu©aVLF¦TQ%LdcIE>J,cZX^aOLiSINVE>JVPRXhQ%LdcIQTLJMDiSINVQTH¨nadS¥c_§iWxXmc




SIaVHKY>[FQ%Ee\;E>JVPRXhQ%Ldc-X^LPRXhQ .J,cIEZXﬂ § FXKS-XhW aVEZQ%Lg-JVSZSrQTEPRQ%E .@JMcIEZX4ﬂ(PFX^Qvu©aVLFq




y3EZJVLiSaOErc>SPRDFE>Y>[ PFJVSaOEIQTLiS5SrcIQTW PRQTEC.@J,cZEIXﬂ *QTSrcIQT[FQ%L F[ 5SIXhUoJVH^XKSZY>[FQ
?!QTY>[iSIQ%HhgeXhEIUDFLFNOQ%L¦TgeXhSZY>[FQ%LﬃPRQ%L ? JVSZSIQ%EZX^LF[JMH^cZSZS¥cZa- Q%L0§ PRQ%W ? JVSZSrQTEDFLP
PRQTE0.@J,cZEIXﬂ §FPRXhQﬂPRQ%L 
Q%EZHKJMDRjPRQTS`bX*DiSIXhaVLiSItVaOEINdJMLFNdS9*QTSrcIXhWxWQTL0£
   (ﬀ #%/  	 ﬂ 
 
!#%#,.ﬂ
`bX4 DiSIX^aOL Q_SIY>[iEIQTXRc(PFQ%L ~dcIacZEZJVLiSaOErcPRDFE>Y>[ PRXhQ¦%DRj nJVH^HhX^NOQcI[FQTEIWxXKSIY>[iQ
p]Q%g]Q%NODFLFNﬂPRQTE .aOH^QTU nDFH^QDFLiP]cZaVWxQw' "
. -





SIX^LP £0`X DiSrXhaVLﬃjZnDF[FEIc"PFJV[FQ%E©¦%DﬃQ%XhLFQ%W u©aVLF¦TQ%LdcIE>J,cZX^aOLiSIJVDiSINVHhQ%XKY>[0£`bQ%EvSrcZJ,q
cZX^aOL/nJMEZQbPRX DiSrXhtVQ .@JOSISIQ%LiSrcIEZaVW PRDiEZY>[Q%XhLFQ;GX^Li[FQ%X^cZSIF3nJVY>[iQXKS¥c!FEZa*aVEIcIXhaVLiJVH
¦TDPRQTW u©aOLF¦%QTLdcIE>J,cIXhaVLSrNOEZJOPRX^QTLdcIQ%LﬃnDG*Q%EePRXhQTSIQblH nJVY>[FQw >"   ¤ $ %9O|A§Og aVq
*Q%XPRQTEWxaOH^QTUdDiHhJVEIQ?`X*DSrXhaVLiSIUVaQ1x¦TX^QTLdcxPRXhQ<EZa*aVEIcIXhaVLiJVH^X^c_nJMcZSIUVaVLS¥c>JMLdcIQ
XKS¥c"wr¤V£ 0!' $ ﬃ+ SZY>[FQTS\;Q_SrQ%cI¦_|7¡




















cZQ%WSJ- w<0!" ' $  ¤ $/$ﬂd|A£`XhQWxaVHhQ%UDFHKJMEZQ`bX4 DiSIX^aOL XhL j EIQTX^QTW ?!JOSISIQ%ExXKS¥c





























Gﬃ Q%UdcIXhtVQTE!.@aVHhQ%U/nDFHhEZJOPRX^DS   






j DiSIXhaVLiSIUVaQ¦TX^QTLOcZQ%L JVL0§/j>nDiEUHhQ%XhLFQ%EZQ(aOEINdJMLFXKSIY>[iQ .@aVHhQ%U/nDFHhQ(Q%W Rj QT[FHhQ%L SIXhQ
PRXhQ .Q%cI[FaRPRQvtOaVL   ",") 
5
















aVHhDFWxQ%L  	 8:&ﬀ

`;JVSWxaOHhJVEIQ 
aVHhDFWxQ%LU,JMLiL [iX^QTE*Q%XLJVY>[  )G', Q%c(JMH¨£w¥¤ $ %/%M| QTEIQ_Y>[FLFQ%c
g]Q%E>PRQ%L/£ `bXhQx`bX*DiSIXhaVL!tVaVLﬃ} aVLFQTLXhLﬃDiLFQ%LiPFH^XKY>[ﬃtOQ%E>P3nDFLFLdcZQ%L  naOSIDFLFNOQ%L@XKS¥c
























~Q%H iSrcZPRX DiSrXhaVLPRQ_Se} aVLS  #%ﬁﬀ;

























" w¥¤ $ %o¢|NVQ1*Q%L QTX^LiQ XhQ%Hh¦TJV[FHbJ/VODJ,cIXKSZY>[FQ%E(`bX*DiSIXhaVLiSIUVaVq
Q1x¦TX^QTLdcIQ%L?j>nDFE} aVLFQTL iJOSrXhQ%EZQ%LPJVDRj\;H¨£R£ MJML/£
   (ﬀ #%/  +- ﬂ#   
ﬃ















[FQTEx¦%geXKSIY>[FQTL PRQTEx`bX*DiSIXhaVL XhL QTX^LiQ%W j EZQ%XhQ%L? JVSZSIQ%EZU naOE*Q%EDFLiP PRQ%E`bXmjkq





JVH £0¤ $ﬂ$,O|A£R} W XhLiS¥c>J,cZX^aOL/nJMEZQ%LliJVH^HPQTgeX^EZUVQTL /S QﬂﬃIS1R Aq aOEIQTLBw 9)+3 )G"ﬃQ7cbJVH £
¤ $ﬂﬁ/9O|-LFQQTL!PRQTE©~RaVE RcIXhaVL@QTX^LiQ¦TDiSTnJMcI¦TH^XKY>[FQQ7cZJVEZPiJ,cIXhaVLﬃPRQTSv~dcZa- QTST£ `;JVS
QTEZSrcIQ80!' $ 	 SIY>[FQv\;QTSIQ7cZ¦©XhSrc j>nDiEPRX^Q©SrcZJ,cZX^aOL/nJMEZQb`bX*DiSIXhaVLPRDFE>Y>[QTX^L aOE_nadSrQ_S
.Q_PRXhDFW wztdNOH £*\;H3R£h¤ %V|<NOQ%NVQQTL?PFDFEZY>[ w<0!" ' $ ¤ $ﬂ$ﬂd|A¡















=  `bX*DiSIXhtVQ%E>.@JVSZSrQTLiSrcIEZaVW  @#%&ﬀ;

ﬃ - GA*QTUdcIXhtVQ%E`bX*DiSIXhaVLiSIUVaQ¦TX^QTLOc  #%ﬁﬀ;







`bQ%EaOEIQTLiPRX*DSrXhaVLiSIUVaQ1x¦TX^QTLdcﬃ54 *QTSZY>[FEZQ%X RcPRXhQvDFLdcIQ%EbPRQ%W G<XhLFiDG:tOQ%EIq
SZY>[FXhQTPRQTLFQ%E(?!QTY>[SrQTH^geXhEIUDFLiNVQ%L;¦%geXKSZY>[FQ%LvJVdDiJMcIXKSIY>[iQ%E DFLiP;j Q_S¥cZQ%E/[iJVSIQwz6Rq
WxQTSZSIDFLFNVQTL0§liaVEZW DFLiP \;QTaVWxQ7cZEIXhQPRQ%E(aOEIQTL0§ F[ 5RSrXhUVaRY>[FQTWXKSZY>[FQG<XhNVQ%LFq
SZY>[iJ,jkcZQ%L PRQTEﬃliQTSrcZSrcIa-,F[iJOSrQO§bPRQTE} aOLFQ%LiSrc_nJVEIUOQBPRQ%EﬃgﬂnJVSZSrEZX^NOQ%L <[iJOSrQBXhW
aOEIQTLFEZJVDFW|Q%XhLFNVQ_SIY>[FEonJMLiUOcZQ@PRX*DiSIXhtVQp]Q%g]Q%NOH^XKY>[FUOQ%X^cPFQTS~cIa- QTSXhW aVq
EZQ%LFE>JMDiW?£<`bXhQﬃ\;Q%aOWQ%cIEZX^Q@PFQTSaOEIQTLFLFQ7cZ¦%g]Q%EZUVQ_S"geXhEZPPRDiEZY>[ PRXhQy3aVEIcIDFaVq
SIXmc nJ,c?DFLiP PRXhQ u©aVLiSrcIEZX^UdcZX^tX^c nJ,c?Y>[iJME>JMUdcIQTEIXKSIX^QTErc_£<`XhQﬃy3aVEIcIDFadSrX^c nJMc(NVX RcPRX^Q

QTEIH nJMLFNOQ%EZDFLFNPFQ%E3`bX*DiSIXhaVLiSIg QTNVQ X^W tVQTEI¦Tg QTX^NVcIQTL"~ 5RS¥cZQ%W PRQ%EaVEZQ%LiUoJVL nJMHhQ
NOQ%NVQTLnDG*Q%E(PFQ%EXhY>[dcIDiLFN PRQ_S(u©aVLi¦%Q%LdcZEZJMcIXhaVLiSINVE>JVPRXhQ%LdcZQ%L w<2 " ' "  )
5
#)G)G"&  )% ¤ $&%o¢d|?geXhQTPFQ%E_§bPRXhQ u©aOLiS¥cZEIXhUdcIXhtXmconJ,c *QTSZY>[FEZQ%X Rc!PRXhQ

DiQ%EIq





JQTE"DFLdcIQTEPRXhQTSIQ(lJMUdcIaOEIQTL SIDGiSIDFWxWxX^QTErcgeX^E>P £`bJ@SIXKY>[ y/aOErcZDFaOSIXmconJ,cﬂDFLP
u©aOLiS¥cZEIXhUdcIXhtXmconJ,c"JMHKSﬂlX^ciJVEZJVWQ%cIQTEw \;H¨£F£h¤_|;XhL `bX4 DiSIX^aOLiSrtOQ%E>SrDY>[FQ%L LFXKY>[dc



































































cZX^aOLiSrNOEZJOPRXhQ%LdcIQTL?nDG*Q%E<PRXhQeC Q%X^ctOQ%EZLiJVY>[iH¨nJOSISIX^NVc/g]Q%E>PRQ%LﬂU naOLFLFQ%L?wzuvJ0£ F£h¤V£h¤_|7£
9
.
" ', '6ﬂwr¤ $ﬂ$/$O|<DFLdcIQ%E>SZY>[FQ%XKPRQ7c]g QTXmcZQ%EZ[FXhL(¦%geXKSZY>[FQ%L(PFQ%E-`X*DSrXhaVL F¦%gv£
UdUDFWDFHKJ,cIXhaVLQTX^LFQTE~DGiSrcZJVLF¦vXhW WxaiX^HhQ%LaVEZQ%Lg-JVSZSrQTEbw .@J,cZEIXﬂFPRX4 DiSIX^aOL
XhW [FXhQ%E(NOQ1FE>JMDY>[OcZQ%L ~XhLFLFQo|A§ePRQTE?`bX4 DiSIX^aOL XhW X^WxWxaFXhHhQ%L aOEIQTLg]JOSISIQ%E
w l3XhHhWxPFX4 DiSIX^aOL(XhW6{J,jkc¥g-JVSZSIQ%EA|A§OPFQ%E>QTEIF3nJOY>[FQ%LPRX4 DiSIX^aOLSra,geXhQPRQTE } LdcZEZJMq









~dcZa-*cIE>JMLiS*aVEIc]PRDFE>Y>[(PRQTL({JMjkc¥g]JOSISIQ%EﬁiHhW geXhE>P*Q%X PRQ%Ee~aVE RcZX^aOL(JML(u©aOEILFq
a/QTEIF3nJOY>[FQ%LDFLiP?PRQ%Ee} LdcZEZJiJMEIcIXhUVQTHhPRX DiSrXhaVL nDGQTEeQ%XhLFQ%L .@JOSISIQ%LdcIE>JMLS¥j QTEIUOaMq











JMEZQ PRX DiSrXhtVQe~dcZa-*cIE>JMLiSaOErcX^LQ%XhLFQTE *aVE
n
aOSIQ%L8.J,cIEZXﬂ geX^E>P































Y>[FQTEIDiLFN X^L S Q/ﬃIS1R >q aVEZQ%L Q%XhLFQ%EeQ7c>JME>PFJ,cZX^aOL0£
`QTEcIE>JMLiSIXhQ%LdcIQQ Q%UdcZX^tOQ
F¦Tgv£MPRQ%E































~RY>[FQTX^L iJVEIQTE-`bX*DiSIXhaVLiSIUVaQ¦TX^QTLOc  #%ﬁﬀ;

H^HhQ8FXKSI[FQ%E©JMDRj NOQ7j>nDF[iEIQTL@`X*DSrXhaVLiSIUVaQ1x¦TX^QTLdcIQ%L Q_SIY>[FEZQ%X *Q%LPRXhQPFX4 DiSIX^tOQ
p]Q%g]Q%NOH^XKY>[FUOQ%X^cQTX^LFQ_S Q_S¥cZX^WxW"cIQ%L ~dcZa- QTSXhL QTX^LiQ%W WxX^c?!JOSISIQ%ExNVQ_STnJMcrcZX^NVq
cZQ%L *aVEonaOSIQ%L .@QTPRXhDFW§*SIXhQSIX^LiPJMHKSra(JF[/nJVLFNVXhNtVaOL@PRQ%L!G<XhNVQTLiSIY>[J,jkcIQTL@PRQTS
O
*aVEonaOSIQ%Lﬀ.Q_PRX^DiWxST§TPFQTS0tOQ%EZg QTLiPRQ%cIQ%Lﬂ~dcZa- QTS/DFLiPﬂPRQ_SP naOSIDFLFNOSIWxXmcIcIQTHhS<w ?!JOS¥q
SIQ%EA|A£
`bX^Q " [iJME>JMUdcZQ%EZXhSIX^QTEIDiLFNPRQTExPFX4 DiSIX^tOQ%L GX^NOQ%LiSZY>[iJMjkcIQ%L Q%XhLFQTS#*aVEonaOSIQ%L
.Q_PRXhDFWSbSIQ%H iSrcQ%EIj aVHhNMcPRDiEZY>[@PRXhQﬂEZQ%HKJ,cZX^tOQﬂ`X*DSrXhtXmconJ,c ﬃ  §*PRXhQ"PRDFE>Y>[@PFJVS

QTEI[/nJVHmcZLFXKS¦TgeXhSZY>[FQ%LQ Q%UdcIXhtVQTW:DFLiPJ/VdDiJ,cZXhSZY>[FQ%W `bX4 DiSIX^aOLiSrUOaQ¦%XhQ%LdcIQTL


























    	 #%$'&  
 





aOEIQTLFU,JML/nJVH^Qﬂw uvJ-0£R£ F£ V|A£d`XhQ©G<XhLiSIY>[iE_nJVLFUDFLFNﬂPRQTEQ%HhQ%UdcZEIXKSIY>[iQ%L0QTXmcIjrnJM[FXhNMq
UOQ%X^c©QTX^LiQ%E nadSrDiLFNDFLiP!PRQTSﬂPFX4 DiSIX^tOQ%LB~dcIacZEZJVLiSI*aVEIcIQ_S©X^L!Q%XhLFQTW *aVEonaOSIQ%L
.Q_PRXhDFW QTEIDF[dcJMHKSraJVDRjiPRQ%E/cIE>JMLiS*aVEIc¥geX^EZURSIJVWQTL;aOEIadSrX^c_nJMc DFLiPﬂPRQTW \;Q%aMq
WxQ7cZEIXhQ7jzJVUdcIaVEewztdNOH £V\;H*R£ VV|7£,DRj NOEIDFLPPRXhQTSIQ%E<LiJMHhaVNOX^Q]XKS¥c
QTSWnaONVHhXhY>[0§,QTX^LiQ
u©aOEIEZQ%HKJ,cZX^aOL ¦%geXKSIY>[iQ%LPRQ%ExEZQ%HKJ,cIXhtVQTL `bX4 DiSIX^tX^c_nJMcw XhLPFX^Q_SrQTW C*DiSZJMWxWxQ%LRq
[iJVLFNJMDY>[©JVHhS/lFaVEZWJ,cZX^aOLiS¥jzJVUdcIaVE *Q%¦TQ%XKY>[FLFQ7cA|A§_PRQ%E0EZQ%HKJ,cZX^tOQ%L©Q%HhQ%UdcZEIXKSIY>[iQ%L
/Q%X^crjrnJM[iX^NOUVQ%X^c3DiLiP"PRQTE

















































 2& )G" ¤ $ﬂﬁdV|7§<U,JMLFL JQTE(DFLdcIQTEsWxSrc_nJVLiPRQTL




 Q7c@JVH £v¤ $ﬂﬁ %R§  3 )3" 
)
5









~a QTEIQ_Y>[FLFQ%cIQ  #",$K&P'*) w¥¤ $M¢dO|vPRDFE>Y>[7/Q%X^crjrnJM[iX^NOUVQ%X^cZSIWxQTSZSrDiLFNVQTLBX^L ~FJMLiPq
SrcIQTX^LFQTL C*Q%WxQTLOc>J,cZX^aOLiS¥jzJVUdcIaVEZQ%L tVaOL ¤V§ ﬁ FXhS?R§ F§ 
 " + ,&
- .
& wr¤ $ﬂ$,ﬁO|XhL
`bX4 DiSIX^aOLiSI¦%Q%HhHhQ%LtVQTEZSIDiY>[FQTLlJMUdcIaOEIQTLtOaVL¤V§ ﬁ FXhS]R§ ¢;jZnDFEtOQ%E>SIY>[FXhQTPFQ%LFQ~Q_PRXmq
WxQ%LdcZNVQTSrcIQTX^LiQDFLP  ﬃ, )G"!Q7cvJMH¨£
w¥¤ $/$OO|eXhLﬃ`bX4 DiSIX^aOLiSrtOQ%E>SrDY>[FQ%LWxX^cvliaVLRq
c>JMXhL iH^Q_JMD(~RJVLiPFSrcIQ%XhLQTX^LFQTLC*Q%WxQTLOc>J,cZX^aOLiS¥jzJVUdcIaVEtVaVL¤O§ V¢i£.@Xmc-PRQ%LH?!Q%EIcIQTL
tOaVL0!" ' $  wr¤ $/$ﬂO|0QTEIQ_Y>[FLFQTLSrXKY>[j>nDFE;tVQTEZSZY>[FXhQTPRQTLFQ"SZY>[g Q_PRXhSZY>[FQ"u©EZXKS¥c>JMH^q
HhX^LiNVQTSrcIQTX^LiQC*QTWQTLdcZJ,cZX^aOLiSrjzJMUdcIaOEIQTL!¦TgeXhSZY>[FQTL ¤V§ j nDFE\;EZJVLFXmcZQ(DFLP R§ ¢@j nDFE
y3QTY7cIaVLiXmcZQV£
6G0£F£ ¢¡C*DiSZJMWxWxQ%LF[iJVLFN ¦%geXKSZY>[FQ%L aOEIadSrX^c_nJMc DiLiP lFaOEIWJMcIXhaVLiSrjzJMUdcIaOE
¤ 

XhL?tOQ%E>SIY>[iX^Q_PRQ%LFQTL?~RJVLiPFSrcIQTX^LFQTLBw  #"%$%&('*)ﬃ¤ $ 9Md|

























      	 	   
 






DFLP`bXhSQTEZSIXhtdX^c_nJMcIQTL0§ /J-*aVEZDFLdcIQTEZSIDiY>[DFLFNOQ%L¦TDFE;p]Q_SIY>[FEZQ%X FDFLiN(PRQ%Ev`bX4 DRq









  ! (ﬀ #%/ # .ﬂ'# ﬃ$ &ﬁ













`bX^QetOQ%EZg QTLiPRQ%cIQ%L\;QTSrcIQTX^LSIFEZa*Q%LxgeDFE>PRQTLxJVDRj Q%XhLFQ`bXhY>UOQ]tOaVL¤Y7W ¦%DRq
EZQTY>[dcINOQTS_nJMNVcT§ FHhJVLGiJVEZJVH^HhQ%H NVQ_SIY>[iH^X*QTL(DFLP?JVLiSZY>[FH^XhQ1:OQ%LiP(X^W sH^cIE>JVSZY>[iJMHhHJVP













`bX^Q G<Ldcrj QTEILDFLFN PFQ%E!~cZJMD3GiJMEIcIXhUVQTHﬂXKS¥cQTErj aOEZPFQ%EZH^XKY>[0§PFJ PFX^Q_SrQBQTX^LFQTErq
SIQ%X^cZSQ%XhLFQvQ%EZ[/naV[dcZQﬂSI*Q%¦TX4ﬁSZY>[FQ>*Q%EF3nJOY>[FQ;jZnDFEbPRXhQ~aOEFcIXhaVL¦%DFE6
Q%EIjZnDFNVDFLiN
SrcIQTH^HhQ%L0§0JVLiPRQTEIQTEZSIQ%X^cZS;aVEZQ%LFU,JVL/nJMHhQ"tOQ%E>S¥cZaRj QTLU naVLFLiQ%L0£ sW PRQ%L!NVQ_SIJVWﬂcZQ%L




















#" )3) ¤ $ﬂﬁ/9O|A§]PRX^Q!JMLiPFQ%EZQ%L ~RY>[iQ%X QTL WxXmcPRQ_S¥cZX^HhH^XhQ%EIcIQTW DFLiP QTLdcINOJOS¥cZQ%W
? JVSZSrQTET£R`bX^QﬂSIatVaVE *Q%EZQ%X^cIQ7cZQ%L\;QTSrcIQ%XhLiSFEZa*Q%L?geDFEZPFQ%L?X^L`X DiSrXhaVLSr¦TQ%HhH^QTL
JVDiS H^Q1ﬂRX^NOHhJOSﬃF¦%gv£OjZnDFE-PRXhQbaOEINdJMLFXKSIY>[iQ%L~dcIa*Q;JMDRj NOEIDiLiPQ%XhLFQTE9*aMcIQTLdcIXhQ%HhH^QTL
~aOEFcIXhaVL@JML@u©DiLiS¥c>S¥cZa-w   P"  )G"
5
 "()  ¤ $/$M¢d| XhL!C*QTH^HhQ%L@JVDiS0b¢Oeq








aOEIE>J,c>Sr¦TQ%HhH^QTLﬃWxX^cPRQTLBQ%LdcZSFEZQTY>[FQTLiP PRaMcZX^QTErcZQ%L nadSrDFLiNVQ%L w¨?q WxN/ &ﬀA|
DFLPPRXhQH.Q1:O¦%Q%HhHhQ%L@WxX^c©QTLdcINOJOS¥cZQ%W§ PRQTSrcIXhH^HhXhQ%EIcIQ%W ? JVSZSIQ%E F¦%gv£0~RJVH^¦TH¨nadSrDFLFq
NOQ%L wzST£ a£ | *Q7j>nDFHhH^cT£






































" ) ¤ $ﬂ$&%M| tVQTEI[iX^LiPFQ%EIc



















|;X^L PRQTE .@Q1:V¦TQ%HhH^Qwzg aOWX^c©Q%XhLﬃUOaVLiSrcZJVLOcZQ%E©u©aVLF¦TQ%LdcIE>J,cZX^aOLiSINVE>J,q
PRXhQ%Ldc]DFLiPUOQ%XhLFQ
n

































































lH nJVY>[FQvPRQTE\;QTSrcIQTX^LiSZSZY>[FQ%X Q  >














































SIa,g QTXmc-W naVNOH^XKY>[(WxX^c\;HhQ%XKY>[DFLFNw i£^¤o| JVLFNVQiJ-:VcT§dg a/QTX PRX^Q *Q%XKPRQ%LlX^ciJVEZJMq
WxQ7cZQ%E ﬃ - DFLP

WxXmc ?ﬃQTErcZQ%LJMDS<PRQ%EH^XhLFQTJVEIQTLLGiJOSISIDFLFNvLJVY>[\;H^QTXhY>[DFLiN
w F£ V|xXhLFX^cIXKJMHhXhSIX^QTErcgeDFEZPFQ%L0£ 0XhQ7j Q%EIc?PFX^Q@XhLiSrcZJMcIXhaVL nJVEIQ@liDFLFUdcIXhaVLiSZJML3iJVSZSrDiLFN
UOQ%XhLFQ%L *QTSZSrQTEIQTLlX^cT§MgeDFE>PRQTLxPFX^Q
JVEZJVWQ%cIQTEJVDiS<PRQTW HhX^LFQ_JMEZQ%L .aRPRQ%HhH/w¨\;H £
i£ O|tOQ%EZg QTLiPRQ%cT£
  !    $ &.ﬂ'# ﬃ$ &ﬁ
`bX^Qe~aOERcZaVLiSIXKSraVcI[FQTEIWxQ%LwztdNOH £ouvJ-/£_R£ R£ ¢d| jZnDFE
PRX^Q Q%XhLF¦%QTH^LiQ%L~dcZa- QDFLP\;Q7q
























#'6	 )G" w¥¤ $ﬂﬁ 9V| *Q%EZXhY>[dcIQTL






















tOaVLB¤V¡ ¢w¨R§ 9xN(u©EZQ%XKPRQ%U,JMHhUJVDRje¤TWH naOSIDFLFN|]jZnDFE;JMHhH^Q 
QTEZSIDiY>[FQ"NVQ%gﬂnJV[FH^c
geDFE>PRQO£dsW Q%XhLFQbPRX DiSrXhaVLSrHhX^WxX^cIXhQ%EIcIQ©~aVE RcIXhaVLJMDiSI¦%DiSZY>[FHhX^Q:VQTL0§MgeDFE>PRQ%LPRX^Q
EIa/QTLQTX UVaVLS¥c>JMLdcIQTEJMDiWﬂcIQTW QTEZJMcIDFE©w O "-|<DFLdcZQ%E!0XKY>[Oc>J-iSZY>[FHhDG:7%V
ﬂﬁ
~dcZDFLiPRQTLﬂXhL\;HhJOSIJVW FDFHhH^QTL;NOQTSZY>[nDRcIcIQ%H^cT£o~Q%H iSrc *Q%XOQ%XhLFQ%W WxX^LiX^WJMHhQ%LﬂSZY>[FQTX^LRq





w } LdcZEZJiJMEIcIXhUVQTHhPRX DiSrXhaVL/§FuvJ-0£iF£ F£ ¢|QTEIEZQ%XKY>[dc
g]Q%E>PRQ%L"U naOLFLFQTL0£_LiSZY>[FH^XhQ1:OQ%LiP©geDiEZPRQTLPRXhQ]\;HKJVSZJMW FDiH^HhQ%Lﬂ¦TQ%LdcIEZX^j DFNVXhQ%EIcT§_PRX^Q


















  ~aVE FXhQ%EIcIQv~dcIa*WxQ%LiNVQﬀ*Q%¦%aONVQTL?JVDRj
PFJVS]cZEIaRY>UVQTLFQ©lFQTSrcZSrcIa*NOQ%geXKY>[dc   &ﬀ 















lFQTSrcZSrcIa*NOQ%geXKY>[dcT§cIEZaRY>UVQTL   

  !  	ﬁ ﬁ#, ﬂ
	  &ﬃﬂ
`bX^Q]lH^DFaOEIQ_Sr¦TQ%LF¦%jzJME iSrcIa- QewzWXKPRaOEI[FaRPFJVWxX^L0§_G<adSrXhL0§%fbJ,cIEZXhDFWq fbJ-F[dcIXhaVLJ,cT§
95dE>JMLiX^L0§i~RDFHmj aOEI[iaPiJMWxX^L/§FsE>JMLFXhL|]geDFE>PRQ%L?WxXmcbQ%XhLFQ%W ~R{} .@b`©C s ~ *QTYAq
cZEIaFiDFaVEZai[FaMcZaVWxQ7cZQ%E"w l
~ Vi¤" "-|7§QTX^LiQ%W:Q%EZUX^L@GH^WxQ%E 0DiWXhLFQ_SIY%Q%LiY%Q
~ *Q%UdcZEIaOWQ%cIQTEw ~ 9M@~F|ﬂDFLiP!cZQ%XhH^g]Q%XKSrQﬃwzsE>JMLiX^L|vWX^cQTX^LiQ%W \v\©sfeq l  q
lHhDFaVEZX^WxQ%cIQ%E wzsLiX^tOQ%E>SrX^c
n
JMcﬃfQTDiY>[iJ,cZQ%H¨§ "]{b|@LiJVY>[iNVQ%geXhQTSIQ%L/£p QTX"PRQTL QTXmq
PRQTL Q%E>S¥cZQ%LB\;Q%EonJ,cIQTLﬃDiLiP X^LSI*QTSIaVLiPFQ%EZQ#*Q%X PRQ%EﬂLiJMH 5RSrQPRQTE8.DFH^cIX^cIE>JVY%Q%EIq
PRX DiSrXhaVLSrtOQ%E>SrDiY>[iQgeDFE>PRQ 2¥Q%g]Q%XhHhSPFJOS@~ 5LiY>[FEZaOSZY%JVLdtOQ%EIjzJM[FEZQ%L w' )3&(" )
¤ $ﬂﬁﬂﬁi§b¤ $ﬂ$V¢d|QTX^LiNVQTSIQ7cZ¦7c_£`QTEfbJVY>[g]Q%XKStOaVL 0X^cI[FXhDFW QTErj aOH^NVcIQ JML QTX^LiQ%W
QTEIUXhLRq GH^WxQTE]cIaOWXKY6iSIaVE RcIXhaVL~Q_YAcIEZai[FaVWxQ7cZQ%E VﬂOVp DFLiP¢¤TOC,<§
tOaVL p]EIaOWxXhP JMLBQTX^LiQ%W ~R{} .@b`©C s } aOL " [FEIaOWJ,cIaONVE>J-F[!{} "q V"£3`bQ%DRq
cZQ%EZX^DFW geDiEZPRQﬃj EZQ%DFLiPFH^XKY>[FQ%EZg]Q%XKSrQﬃtVaVL {Q%EZEZL `X FH¨£ q <[ 5RST£   4 ﬂ! ' $%& )G"
tOaVW \v~Rl3q lFaVE>SZY>[dDiLFNOSI¦%QTLOcZEIDiW . nDiLiY>[FQ%L w } LiSrcIX^cIDFcj>nDiE{05RPREZaVHhaVNVXhQ_|vWxJOS¥q
SIQ%LiS*Q%UdcIEZaVWxQ7cZEIXKSZY>[JMLiJVH5RSIX^QTErc_£O`bX^Q©LiJVH5dcZX^UtOaVLaVq=<>5dHhaVHQ%EIj aVHhNMcZQWxXmcIcIQTHhS
PRQTE{QTJOPFSIJVY7Q%q \©JOSIY>[iEIaOWxJMcIaONVE>J-F[FXhQDFLiP QTX^LiQ%W lHhJVWxWQTLFXhaVLFXKSIJMcIXhaVLiSZPRQ%q
cZQ%UdcIaOET§Rg]a*Q%X QTX^LFQﬂfbJVY>[g]Q%XKSrNOEIQTLF¦%QbtVaVLﬂ9  N  &ﬀQTEIEZQ%XKY>[dc]geDFE>PRQO£
ﬂ$
C*DiE0fJ-i[Oc>JMHhX^LJMLiJVH5dcIXhUgeDiEZPRQ<PFX^Q<liQTSrcF[iJOSrQTLFWxX^UEZaQﬂcIE>JMUdcIXhaVLxw ~F9.@G]|
tOQ%EZg QTLiPRQ7cw  &/)
ﬁ

















) " ¤ $ﬂ$V¢d|7£F`XhQ"LiEIQTXhY>[FQTEIDiLFNQ%EIj aVHhNMcZQnDGQTEQ%XhLFQvj>nDiEDFLG*aVHKJMEZQvDFLiP[/naO[FQ%E
WxaVHhQ%UDFHKJMEZQ<aOEINdJMLFXKSIY>[iQﬃ
Q%E FX^LPRDFLFNOQ%LﬂNOQ%Q%XhNVLiQ7cIQ%  W PRXKY>UVQaOH5RPRXhWxQ7cI[ 5H^q
SIX^Hha ﬂFJMLRq <[JVSIQ;w¨~DG*Q%HKY7ad|<PRX^EZQ%Udc JVDiS<PRQTE<gﬂnJVSZSIEIXhNVQTLEIa/QO£dC*DFEGX^LS¥cZQ%HhH^DFLiN
QTX^LFQ_SfbJ-F[dc>JMHhX^LtVQTErcZQ%XhH^DiLFNOSINVHhQ%XKY>[FNVQTgeXhY>[dcZQTSx¦%geXKSZY>[FQ%L [iJVSIQ@DFLP ? JVSZSrQTE







 '6 ) "¤ $ﬂ$ﬂd|A£*G<XhLFQtOaVW:{QTEZSrcIQTH^HhQ%E;¦%DiE;`bDFE>Y>[FWxXhSZY>[DFLFNPFQ%E©<EZa*Q"Q%W Rq










UOaVWxWﬂc0Q_S(*Q%XOPFQ%E0[FaO[FQ%Lﬂy3Q%W *Q%E>J,cZDFE0tVaOL VV '"¦%DFE/`bQTSIaVE RcZX^aOL0§%g]a*Q%XMQTXmq
LFQvSIQTY>[iS]WxXhLnDRcIXhNVQv} L-2¥Q%UdcIXhaVL?Q%XhLFQ©tVaOH^HKS¥conJMLiPFX^NOQb`bQTSIaVE RcIXhaVL?DFLiP?eQ%XhLFXhNVDFLiN
PRQTE?[iJVSIQSIXhY>[iQ%E>S¥cZQ%HhHmcZQV£C*DFEfbJ-F[dcZ[iJMHhX^LFq `bQ7cZQ%UdcIXhaVL geDiEZPRQﬃQ%XhL .@JOSISIQ%LFq












DFLdcZQ%E>SrDiY>[dcZQ%L~dcZa- QTS *Q%aJVY>[dcIQ%cT£`XhQ;uvJVH^X FEZX^QTEIDiLFNﬂWxXmc 2¥Q%g]Q%XhHKS PREZQ%X0~dc>JMLRq
PFJVEZPiS0FEZau©aVLF¦TQ%LdcIE>J,cZX^aOLQ%E FEZJOY>[dcIQ©jZnDFE;fJ-i[OcZ[iJMHhXhL@Q%XhLFQ"fbJVY>[g QTXhSINVEZQ%Li¦%Q
tOaVL   N  ﬁﬀo£
  !        
ﬁ
 
 .ﬂ #  $'& ﬃ 





JME>JMWxQ%cIQ%EeJVHhSbJMDiY>[?jZnDFE©PRXhQ"Lg]Q%LiPRDiLFNtVaOL  ",$%&('*) mS;\;QTSIQ7cZ¦
wztdNOH £uvJ-0£FR£ F£ O| F¦Tgv£iPRQ_S @
BD
q u©aVLF¦TQ1RcZQTSvw tNOH £iF£ F£ ¢|QTErj aOEZPFQ%EZH^XKY>[0£
`bX^Q

i,*TzVR_ geDFEZPFQ%L tVaOL `bET£	?4 ' 
. .
0 '*)%*, wzp]EZXmcZXhSI[ \;Q%aMq









DFQ_Y>URSrXhH*Q%EZWxQ%LFNOQXhL 0F[/nJVLFNVXhNVUOQ%X^c;tOaVL!PRQ%W JVLFNVQTH^QTNMcZQ%Lﬃ`bEZDiY>U §0PRX^QaVq
O
EZQ%LFE>JVPFX^QTLU naOLFLFQ%LxLiJOY>[PRQ%E   "&
ﬁ
)P"*q \;HhQ%XKY>[DFLFNwz¦V£ pb£ﬀ2  ' "   )©Q7c
JVH £ ¤ $ﬂﬁF¤o|A*QTSrcIXhWxWﬂcg]Q%E>PRQTL0£
`bQ%E NVQTSZJMW"cIQeDFLPPRQ%E aVEZNOJMLiXhSZY>[NOQ1FDiLiPRQ%LiQu©aV[FHhQ%LS¥cZa- NVQ%[JMH^cwz   |
PRQTE<<EZa*Q%LgeDFEZPFQ-JVW lFaOEZSZY>[DFLFNdSr¦TQ%LdcIEZDFW sWg QTHmcwzl<C s"§MuvJMEZHhSIEZDF[FQ_|/WxXmc
































LiSIY>[iH^XhQ1:OQ%LiPgeDiEZPRQTL(PRXhQ;EIa/QTLHQTX ﬁV  " Q%XhLFNOQTPFJVW#FjkcT§d[FaVWxaVNOQ%LFXKSIX^QTErc_§
QTX^LFNOQ%g]aVNOQ%LﬂDFLPPRQTE
y "q \;QT[iJMH^c *QTSrcIXhWxWﬂc_£Mp QTXFPRQ%L#.QTSZSIDFLFNVQTL"WxX^c
PFQ%W
y"qU.aRPRDFHgeX^E>PPFQ%E;aVEZNOJMLiXhSZY>[FQﬂu©aV[iH^QTLiS¥cZa- NVQT[iJMH^c6*Q%XQ%XhLFQ%E©y3Q%W QTEZJMcIDFE












 geDFE>PRQ%L Q1ﬂRQ%W FHKJMEZXhSZY>[ JML JVDiS¥q
NOQ%gﬂnJM[iHmcZQ%L EIa/QTL tVaOL XKSrE>JMQTH^XKSZY>[FQ%L EIa2¥Q%UdcJMEIcILFQTEIL SIa,geX^Q?JML PRQ%EsLiXmq





JVLiJMH 5RSrQw' "1)>)G" MOVO|7£F`QTEbuvJVE*aVLiJMcINOQ%[iJVHmc-geDFE>PRQvNOJOSrtOaVHhDFWxQ7cIEZXKSIY>[
WxX^cPRQ%E ﬂ,$%&()G'
ﬁ
/)3"q 6GiJME>J,cZDFEvLiJOY>[ `}¥f:¤ﬁF¤o$!w¥¤ $/$Vd| Q_S¥cZX^WxWﬂc_£ 
aOL
QTX^LF¦TQ%HhLFQ%L<EZa*Q%LﬂgeDiEZPRQTLﬂg]Q%X^cIQ%EZ[FXhL`nDFLFLiSZY>[FHhX4 Q-JMLFNOQ7j Q%EIcIXhNMc-w' )>)G"
VVVi§ ﬂ! )%	P)3" ¤ $ﬂ$ﬂﬁd|A£
   
 ﬂ'





PFJOS;g Q_SrQTLOcZH^XKY>[FQ} LiSrcIEZDFWxQ%LdcZJVEIXhDFW:¦%DiE " [iJME>JMUdcIQTEIXKSIX^QTEIDFLiN(PRQ%Evy3EZJVLiSaOErcIq
QTX^NOQ%LiSZY>[iJ,jkcZQ%L?Q%XhLFQTS\;EZDFLiPFg]JOSISIQ%EZH^QTXmcZQ%E>S-JMLF¦TDiSrQT[FQ%LSIX^LiP0£
`bX^Q?y/E>JVY%Q%EZtVQTEZSIDiY>[FQxgeDFE>PRQ%L DFLdcIQTE"U/nDFLiSrcIHhXhY>[ X^LPRDF¦%XhQ%EIcIQTL \;E>JVPRXhQ%LdcIQTL
JVHhSSIaVNOQ%LiJVLFLdcIQ .aOLFa*aVH^cIE>JVY%Q%EZtVQTEZSIDiY>[FQ?PRDFE>Y>[FNVQ%jZnDF[FEIcT£{X^QTE*Q%XbgeX^E>P PRQ%E












2 ))&/'*) ¤ $/$M¢|aRPRQTE"PRQTL SrQT[FEﬂ¦%QTXmcZX^LdcZQ%LiSIX^tOQ%L 
QTEZSIDiY>[FQTL!DiLOcZQ%EﬂLJ,cMnDiEIHhXmq
Y>[FQTW lHhX^Q:Mj QTHhP*QTPFX^LFNODFLFNOQ%L w ¦O£ p;£0 " ) 
ﬁ





FE nJMNVcIQTL LiJ,c nDFEIHhXKY>[FQ%L \;EZDFLiPRg-JVSZSIQ%E>S¥cZE naOW"DFLFN£ﬃ?ﬃQTXmcZQ%EZQﬃEIa/FH^QTWxQ@U naVLFLFQTL
PRDiEZY>[ PRX^Q0iH^QTXmcZDFLFNOSIW naVNOH^XKY>[FUVQTXmcZQ%L PFQTSNVQ%j naVE>PRQ%EIcIQTL ?!JOSISIQ%E>S8*Q%X-UOaVLdcZJMq
WxXhLFX^QTErcZQ%L@~dc>JMLiPRaOErcZQ%L?Q%LdcZSrcIQT[FQ%L/£
fQ1*Q%L PRQTEQﬂFJVUOcZQ%L <HKJMLDFLiN DFLiP `bDFE>Y>[RjZnDF[FEZDFLFN PFQ%E 
QTEZSIDiY>[FQ*Q7q
SrcIXhWxWﬂc?PFX^QDiSIg QTErcZDFLFN PRXhQﬃ\nDRcZQﬃPRQTE(NVQTg aOLFLFQTLFQ%L 
JME>JMWxQ%cIQ%E_£
`bJ NVQ7q






:@aRPRQ%E3ﬃ -  d|
DFLP JMLPQ_PRXhLFNVDFLiNVQ%L QﬂRXhSrcIXhQ%EZQ%L w ¦V£ p;£$
 " '6#($ 
5
 >' $  ) ¤ $,ﬁV
¤ $ﬂﬁF¤O§ 1#)G" )+ ('*) @¤ $ﬂﬁOF§ "	 Q%cJMH¨£]¤ $ﬂﬁi¤V§ ﬂ ),P' $  
5
0 " ', ¤ $,ﬁF¤O§








)3"¤ $ﬂﬁV¢i§R¤ $,ﬁ/9F§R¤ $ﬂ$O  ¤ $ﬂ$F¤o|A§,XKS¥c]PRX^Q
}¥PRQTLdcIXﬁiU,J,cIXhaVLPFQ%EA*QTSrcIXhWxWQTLiPRQTLy/E>JMLiS*aVEIcFEZaV¦TQTSZSrQ]DFLiPPRXhQ0S¥cZEZJVUOcZX^aOL























)G"ﬃw¥¤ $ﬂﬁ/9O|S¥cZQ%HhHmcZQ%LWxX^c PRQ%W ~XhLFNVHhQlXKSISIDFEZQ`XKS¥q
*Q%E>SrXhaVL .aRPRQTH/w   56(|Q%XhLFQJVLiJMH 5dcIXKSIY>[FQ!nadSrDiLFNvPRQ%E`bX*QTEIQTLOcZXhJVH^NOH^QTXhY>[DFLFq
NOQ%L R£ @DFLP F£ ﬃDFLdcIQTExp]QTEMnDiY>URSIXhY>[dcZX^NODFLFNﬃPFQ%E`XKSQTEZSIX^aOL0§<`bX4 DiSIX^aOL DFLP

































































: *QﬁLiPRQ7cSIXhY>[ UVQ%XhL y3E>JVY7QTE"XhL PRQTEu©H^DRjkcxDFLiP .@J,q





 (WJ ﬂRX^WJVH §*jZnDFEvJMHhHhQxC*QTXmcEFDFLFUdcIQ

 
;NOH^QTXhY>[fDFHhH/w i£ 9O|A§,g-JVSWJ,cZ[FQ%WJMcIXKSIY>[@nDGQTEPRXhQe`XhEZJOYAq `QTHmc>J,q lFDFLiUOcZX^aOL
JVDiSrNOQTPREMnDiY>Udc"geXhEZP w ¦O£ p;£ ' "
.
 ,)3' Q7cJMH¨£-¤ $/$/9V|7£3`bX^Qy3EZJOY7Q%EZUVaOLF¦%QTLdcIE>J,q
cZX^aOLX^LDFLFQTLiPRHhXhY>[iQ%EbGLdcrj Q%EZLDFLFNxtVaOLPRQ%EGX^LiNOJ-*QTSrcIQTH^HhQvXKS¥cej>nDFE92¥QTPRQTLﬃC*Q%X^crq
FDiLFUdcNVHhQ%XKY>[ fDiH^Hvw \;H¨£ F£ O|A£ ?ﬃQTXmcZQ%EZ[FXhL [FQ%EZE>SIY>[dcJVL PRQ%Exu©H^DFjkcIa*Q%EF3nJOY>[FQ
w
.
 VV|"¦%D 2¥QTPRQTW C*QTXmcEFDFLFUdcQTX^L u©aVLi¦%Q%LdcZEZJMcIXhaVLiSINVHhQ%XKY>[FNVQTgeXhY>[dc"¦TgeXmq
SZY>[FQ%Lu©HhDRjkcIq3DFLiP(aVEZQ%Lg]JOSISIQ%E-w \;H¨£,i£ ﬁd|A£\;H £ F£ $©j aVEZW"DFHhXhQ%EIcPRX^QbLFLiJV[FWxQV§














)G" wr¤ $ﬂﬁ 9V|¦%QTX^NVcIQ%L/§ PiJ-:SrXKY>[XhL!u©DiEI¦T¦%Q%X^crq y3EZJOY7Q%EZQﬂ*Q%EZX^WxQTLOcZQ%L







 d|A§FXKPRQ_JMHhQ%L w (  4  O|-y3EZJOY7QTE
XKS¥cﬂPRXhQx¦%QTXmc>J-F[/nJVLFNVXhNVQu©aVLF¦TQ%LdcIE>J,cZX^aOLJMW$p]QTaiJOY>[OcZDFLFNdSIFEZDFLFLiQ%L@NOQ%NVQQTL























































 } LJ2¥Xh¦%XhQ%EIcIQvy/E>JVY%Q%EZWJVSZSrQ   








Q%EZg QTX^Hh¦%QTXmcXhW ~5SrcIQTW  #

 






tOQ%L WxX^cxPRQTW ~Rl`>. w \;H¨£ F£h¤Td|©Q%EIj aVHhNMcZQ(WJMLDFQTH^H]X^L 
aVEZgﬂnJMEIcZSIWxaPFQ%HhH^XhQ%EIq
DFLiNVQ%L/§3g]a*Q%X-LFQQTL PRQTL `DiEZY>[ FEZDiY>[iSIUDFEItOQ%LBJMDY>[ PRXhQ?nDY>UVQ%EZ[iJVHmc>SrUDFEIq
tOQ%L  xw






























































WxaRPRQ%HhHhQ%L wzuvJ-/£RF£ F£ ¢|
j>nDiE-PFX^Qﬀ.@JMcIEZX4ﬂw  4 | DFLiP?PRXhQ;u©HhDRjkcIa/QTEIFnJVY>[FQxw   |
tOQ%EZg QTLiPRQ7c;g QTEZPFQ%L0§ g]a*Q%XSrXKY>[LDFEvPRXhQ`bQﬁLOcZX^aOLFQ%L PRQTE;lX^ciJVEZJVWQ%cIQTEw S%£
yJ-0£F£h¤_|nJMLPRQ%EZL0§ PRX^QPFJMLiL¦%DSTnJMcI¦%HhXKY>[FQ8F[ 5RSIX^U,JMHhXKSIY>[FQ
JME>JMWxQ7cZQ%EWxX^cIQ%XhLRq


















































































































































  '¤ $ﬂ$V¢d|


































adSrDFLiN PRQ%E!`X Q%EZQ%LdcIXKJMHhNVHhQ%XKY>[DFLFNVQTL PRQTS
~dcZa-*cIE>JMLiS*aVEIcIQTSw¨\;H £]R£ DiLiP R£ O|xSIX^LiP FEZXhLF¦%X FXhQ%HhH Q%cIE>JVY>[dcIQ%c(LiS_nJ,cZ¦%QV§
WxX^c]PRQTEIQTL({XhHmj QbQ%XhL~ 5RSrcIQ%W tOaVLJMHhNVQFE>JMXKSIY>[FQTLx\;HhQ%XKY>[DFLFNOQ%LQ%Ldc>S¥cZQ%[dcT§dg QTHmq
Y>[FQPFJVLFLJMLiSrcIQTH^HhQ?PFQ%E`bX4 Q%EZQ%LdcIXKJMHhNVHhQ%XKY>[DFLFNOQ%L LDFWxQ%EZXKSIY>[ NVQ%H naOSrcxg QTEZPRQTL
U naVLiLFQ%L0£
`;JVS"X^L PRXhQTSIQ%EE QTXmctVQ%EZg]Q%LiPRQ%cIQ(lXhLFX^cIQ7q `bX4 Q%EZQ%LF¦TQ%LRqAwzl`©|ﬀ
QTErjzJV[FEIQTL
nDG*Q%EIjZnDF[FEIcPRX^Q!`X Q%EZQ%LdcIXKJMHhNVHhQ%XKY>[DFLFNVQTL DFLdcIQTEL
QTEIg]Q%LiPFDFLFN PRQTE   "
.
"q











`bX^Q NVQTSIDiY>[dcIQ!UVaOLdcIXhLdDiX^QTEIHhXhY>[iQ `bX*QTEIQTLOcZXhJVHmj DiLFUdcIXhaVL geX^E>P JMHKSra JVL PFXhSIUEIQ%q
cZQ%LDFLFUdcIQTL0§*PFQ%L\;X^crcIQTEiDFLFUdcIQTL0§ J-GFEZa ﬂRX^WxXhQ%EIcT£i`;JVS>.aRPRQ%HhHhNVQ1iX^Q%cbS¥cZQ%HhHmc













Q%EZUH^QTX^LiQ%EZDFLFN©PRQ%E~RY>[iEIX^crc¥g]Q%X^cIQTL *Q%XiPFQ%E<`bX4 Q%EZQ%LF¦TQ%L FXhHhPFDFLFNi§,g]a*Q%X





, '  )¤ $ﬂ$&%M|A£,} LPFQ%EEZJ-ﬂXKSgeXhEZP §dJMDiSINVQT[FQ%LP"tOaVLxQ%XhLFQ%ENVEZa*Q%L`XKSIUdEZQ7cZXhSIXhQ%EIq








SIQ7cZ¦7cvgeX^E>P £ fJOY>[!PFQ%EvEIcﬂPRQ%E©¦%QTXmcZH^XKY>[FQTL!`bXhSIUEIQ%cIXKSrXhQ%EZDFLFNg QTEZPFQ%LXhW FHhX^¦TXmq



















DFLiNVQ%L ¦%D QTEI[JMH^cIQ%L/§SIX^LPBtVQTEZSZY>[FXhQTPRQTLFQ~dc>J-FXhH^X^c_nJMcZSrq;DiLiP \;QTLiJMDFXhNVUOQ%X^cZSIUEIX^q
cZQ%EZX^QTL QTX^Li¦%DF[iJVHmcZQ%L0£]`bJOS 
.
)("  q u©EIX^cIQTEIXhDFW SIaVHhHNdJME>JMLdcIXhQ%EZQ%L0§
PFJ:BPRX^Q
.@JOSISIQ%L FXhHKJMLF¦ej>nDiE(2¥QTPFQ%Lu©LiaMcIQTL¦%Dﬀ2¥Q_PRQ%W C*QTXmc>SIY>[iEIX^crcNOQ%g-JM[FEIc9FHhQ%X Rc_§dP £ [0£
PRXhQ .@JOSISIQ%L
n

































 ¤ w F£h¤ $d|














#'   )G" 













 w F£ R¤o|
fDFWxQ%EZXhSZY>[FQ`bXhS*Q%E>SrXhaVL XKS¥cJMDRjﬂPRXhQﬃ`bXKSrUEZQ7cIXKSIX^QTEIDFLiNB¦%DFEMnDiY>U¦%DRj>nDi[FEIQTL0§ PiJ











   M	   	 	        
`bX^QbsLdcIQTEZSIDiY>[DFLFNOQ%Lx¦%DFW ~dcZa-*cIE>JMLiSaOErc<XhLu©HhDRjkcINOEIDFLPRg]JOSISIQ%EZHhQ%X^cIQ%EZL"NOH^XhQ7q
PRQTEIL!SrXKY>[@XhLﬃliQ%HKPRtVQTEZSIDiY>[FQ?wzy3EZJOY7Q%EZtVQTEZSIDiY>[FQo|]¦%DFE©p]QTSrcIXhWxW"DFLFNPRQTE;y3EZJVLiSrq
*aVEIciJVEZJVWxQ7cIQTEﬃwzQ%XhLiSIY>[iH^XhQ1:OH^XKY>[ PRQTE`bX*DiSIXhaVLiSiJME>JMWxQ%cIQ%EA|DiLiP XhL 3J-*aVEIq










wz} 3|ﬂSIa,geXhQX^L ~X^NOQ%E>SrHhQ%t wz`;uﬂ|"PFDFEZY>[iNVQ7j>nDi[FErc_£3`bX^Q /JaOEItOQ%E>SrDiY>[iQgeDiEZPRQTL
JVDiSISZY>[FHhX^Q:VHhXhY>[ XhW JM[FWxQ%L PRQTS 0 " ($ 0
. -
q EIa2¥Q%UdcIQ_SWxXmc <EZa*Q%L JMDiS












~QTXmcZQ%L PRQTSv~RY>[g-JMEZ¦1iJOY>[dcZJMHKSDiLiPg]Q%XKSrc;QTX^LFQ{naV[FQTLFHhJVNVQtVaVL ﬁM¢dW nD0£ ff











DFLP?{aRY>[FWxadaOEIQTLQTX^LiNVQ%LiaVWxWxQ%L?g QTEZPRQTL!w= 8$  )3"  ¤ $,ﬁF¤o|A£
`bX^QbG<XhLFEIXKY>[dcIDFLiNﬂPRQTS y/Q_S¥cIj Q%HKPRQTS NVQT[OcJVDRj/PRXhQ<HKJMLDFLiNvQ%XhLFQTS <DFW iSQTXmq
Y>[FQTE*QTY>UOQ%LiS?PRDFE>Y>[ PRXhQ ﬂ,$%&&)P$%&1)3)
-









} W JM[iWQTLvPRQ%E iJMDFEZQTY>[dcZH^XKY>[FQ%L©sLdcZQ%E>SrDiY>[DFLiNVQ%LvPRQ_S0sLdcZQ%EZNVEZDFLiPRQ_S0PRQTS








XhL PRQ%EZQ%LBJV[FWxQ%L PRXhQ ﬂ,$%&&)P$%&)G)
-
)G"  ) \ WQT[FEZQ%EZQp aO[FEZUoJVW iJMNOLRq
XhQ%LWxXmcXhLiSINVQ_SIJVWﬂcﬂ9/9"u©QTEIL *aV[FEZDFLFNOQ%Lﬃw G<LiPRcIQ%DFj Q%L V#FXKS,¢d"W|-PRDiEZY>[Rq
NOQ7jZnDF[FEIc SIa,geX^QeQTX^LiQ%L VO .Q7cZQ%EHKJMLiNVQ%L~aOLiPRXhQ%E>S¥cZaVHhH^QTLx¦%DFEGEIUDFLPRDFLFNvDFLP
6*PRXKY>[dcIDFLiNPRQTSeGEI¦TNOJMLiNOS{Q%EZWJMLFLJMDRj NOQ7jzJV[FEIQTL([iJMcT£F`bQ%E~aOLiPRXhQ%E>S¥cZaVHhH^QTL















LFQTDFQ%Lﬂ`;J,cZX^QTEIDiLFNVQTL;tOaVLﬃﬂ,$%& )%	"	 )G"?w VVOO|X^Lv¦Tg QTXVGAiXhSIaRPRQ%L©DFLdcIQTErcZQ%XhHmc
g]Q%E>PRQ%L/§PRQ%W DiLOcZQ%EZU,JME aOLFXhSZY>[FQTL w bXhSQo|C
DiH^U,JMLiXhSIW"DiSPFQ%E@p-JVPRQTLg QTX^HhQ%EIq





cZXhSZY>[FQ%L <EZaV¦TQTSZSrQ(SIXhLiP tOaVL QTX^LFQTW
n
s0*Q%EZNOJVLFNtOaVL HhQ7cZ¦7cZQ%Eu©aVLtVQTEINOQ%LF¦XhW
bXhSQ¦TD Q%XhLFQTE?GAﬂdcZQ%LiSIXhaVL XhW fJVW"DFE?NVQTUVQ%LiLF¦%QTXhY>[FLiQ7cT£ } W fJVW"DFE?X^LdcZEIDRq
PRXhQ%EIcIQTL PRQTE\;EZJVLFXmcxtVaOL ~dc_£<p]HhJOSrXhQ%L w ﬂ, : .@Jd|A§
PRQ%Ep©nJMEZ[iJVHhPRQTNVE>JMLFX^c
w ﬂO  #.JO|]DFLiPPRQTEH Rc>JMHhNVE>JMLFX^cﬂw ﬂV¢   .@JO|7§iJMLPRQ_SISIQ%W LFaVE>P0naOSrcIHhX^q
Y>[FQTLJVLiP?SrXKY>[(PFJOS]y3QTSrcINOQ1FXhQ7c!*QﬁiLiPFQ7cT§iX^L aOH5WxQ7c>JMWxaVE F[FQv\;LFQ%XKSIQbDFLP
nJVHmcZQ%EZQv\;E>JMLiXmcZQV£FLi[iJMH^cIQTLiPRQv`XhtVQTEINOQ%LF¦©PRQTEu©EIDiSrcIQ;j>nDF[iErce¦%DiEp XhHKPRDFLFNxtVaOL
\;E>JMLFX^c*aVE F[ 5ErqeDFLPBe[ 5VaVHhX^cI[FN*nJMLFNOQ%L0§ PRXhQJMDiY>[BPRQTLBH RcZJVH^NOEZJVLFXmcﬂPRDiEZY>[Rq
SZY>[FHKJMNVQTL0£/~XhQNVQT[/naVEZQ%L!LiJOY>[ ﬂ $K&# )%	 	P)3" w¨MOVO|7§/PRQTEvjZnDFEﬂQTX^LFQTL e[ 5VaVq
HhXmcZNOJVLFN *Q%X0E_nJVN"LiJOY>[sq 9Rq `;J,cZX^QTEIDiLFN"QTX^LH^cIQTEetVaVL ﬂO

 _q ¢ .@JJMLRq
NOXRc_§3¦TD PRQTL 2_nDFLFNdS¥cZQ%L WxJVNVWJ,cZXhSZY>[FQTL \;QTSrcIQ%XhLFQTL PRQTSx~3nDiPiSIY>[g-JMEZ¦%g-JMHKPRQTST£
















DFLP ?ﬃQ_S¥cZQ%LBgeXhEZP!Q%EPRDFE>Y>[ .XhSZY>[FNOLFQ%XKS¥q LJ,cIQ1ﬂRXmcZQxPFQTS"S,nDiPRHhXKY>[FQ%L \;LFQTXhSZS¥q










6G0£F¢£ F¡G0X^cI[FaOH^aONVXhQ;PRQ_S~3nDiPiSIY>[g-JMEZ¦%g-JMHKPRQTS;w LiJOY>[ ﬂ $K&# )%	 	P)3"!VVOO|
`bQ%EﬂHRc>JMHhNVE>JMLFX^c©XhSrcﬂQ%XhLﬃWJOSISIX^NOQTS;NVE>JMDiQTS©\;QTSrcIQ%XhL0§/PFQTSZSrQTL .@JMcIEZX4ﬂ@XhW
g]QTSrcIHhXhY>[iQ%Lp]Q%EZQ%XKY>[PRQTS]\;EZJVLFX^cIU naVE QTEZS<LFaVEZWJMHhNVE>JMLFX^cIXKSIY>[XKS¥cDiLiPXhW6;SrcIQTL
¦TDvNVE>JMLFaRPRXhaVEZXmcZXhSZY>[FQTE C*DSIJVWWxQTLiSrQ%cI¦TDFLFNnDG*Q%EZNVQT[Oc_£%DG JVH^HhQ%LiPvSIXhLiP©PRX^Q uvJMHhXmq
j QTHhPFSiJMcrq aVE F[ 5dEZaiHhJOS¥cZQ%L(WxX^cbQTX^LFQTEPRDFE>Y>[iSZY>[FLFX^crcZH^XKY>[FQ%L@uvJVLdcIQ%LiH¨nJVLFNVQ©tVaOL
Y7W£`bXhQ C*aVLFXhQ%EZDFLFNPRQ_SH RcZJVH^NOEZJVLFXmc>SgeX^E>P JMHKSG<EZNVQ1iLFXhS?QTX^LFQTE[FaVEZX^q
¦TaVLdcZJVH^QTL`X Q%EZQ%LdcIXKJ,cZX^aOLﬃPRQ_SNOEZJVLFXmcZXhSZY>[FQTLDiSINOJVLFNOSIWJ,cZQ%EZXhJVHhSJVLFNVQ_SrQT[FQ%L/§
PFJOStVaOL ?!QTSrc(LiJOY>[ ;Src¦%DiLFQ%[FWxQTLiP;iJVSIXKSIY>[FQTEgeX^E>P £HhS(sE>SIJOY>[FQgeX^E>P
PRXhQxSZSrXhWxX^HKJ,cZX^aOLﬃPRQ_SbfQ1*Q%LFNOQTSrcIQ%XhLiS©JMW ;SrcIE>JMLP@PRQTS;<HhDRcZaVLiS©JMLiNVQTSIQ%[iQ%L





DFLP QTSSIaVWxXmc¦%DFW ? JVY>[S¥cZDFW PRQ%Exp]HhJOS¥cZQ%L JVDRju©aOSrcIQTL PRQ%E .@JMcIEZX4ﬂBU,JMW
w $>)G" " ¤ $,ﬁO|7£
} W p QTEIQTXhY>[PRQ_Sy/Q_S¥cIj Q%HKPRQTSgeX^E>PPRQ%EHRc>JMHhNVE>JMLFX^ctVaOL?PFEIQTX3\;EZJVLFX^c*aVEIq
F[ 5EZNnJMLiNVQ%LPRDiEZY>[iSZY>[FHKJMNOQ%Lwz6G0£d¢i£ O|A§dPRXhQaMjkc]WxXmc]EZJVLiPRHhXhY>[FQTLe[ 5VaOH^X^cI[FQTL






.@JVNVWJ©XhLQ%XhLFQbSIXKY>[ na- LFQ%LiPFQb\©JMLFNdSIJMH^cIQXhLdcIEZDiPRXhQ%EIcIQV§OEZJOSIY>[JFU nDF[FH^cIQDFLP
UDFEZ¦<PFJME>JMDFjtOaVL©NVE>JMLiXmcEaOEF[ 5EZXhSZY>[FQ%E ~RY>[FWxQTH^¦TQ<X^LdcZEIDiPFX^QTErc/geDiEZPRQO£%`bX^Q-\;EZJMq
LFX^c*aVE F[ 5EIQ?g]Q%XKSrQTL7*Q%X0. nJOY>[OcZX^NOUVQTXmcZQ%L tOaVL 9VW X^W ¦TQ%LdcIE>JMHhQ%L y/Q_S¥cIj Q%HKP
DFLPBQ%XhLFXhNVQ%L ¤_,q Q%E8.@Q7cIQTEILBXhW8nDGFEZX^NOQ%L y3QTSrcINOQ1FXhQ7cNVQ%LiQ%EZQ%HhH<Q%XhL ~dcZEIQTXhY>[FQTL




9©PRDFE>Y>[F¦%XhQ%[dcvwz030£F¢i£ O| DFLP(WxX^c%Mq ﬁ 9;SrcIQ%XhH LiJOY>[?G Q%XhLRjrnJMHhH^cT£iGE]g]Q%XKSrc
QTX^LFQWxXmcIcIHhQ%EZQ#. nJOY>[dcIXhNVUVQTXmcbtVaVL ¤"W:JMDRj¥§ PRXhQJVH^HhQ%E>PRXhLFNOSQ%LdcIHKJMLiNPRQ_S;~dcZEIQTXmq







Y>[FQTEIQTLGX^LFjzJMHhH^QTLiS%§,g-JVStOaVL ) Bwr¤ $,ﬁF¤_|JVDRj*eQTHhJMcIXht QTg QTNVDFLFNOQ%LWxXmc<tOQ%EIq











geXhEZP0§3g]aRPRDFE>Y>[ SrXKY>[ p]Q%EZQ%XKY>[FQWxX^c\©JVLFNOJVDRj g QTXmcZDFLFN@DiLiP \©JVLFNVtOQ%EZQ%LFNODFLFN
Jdg]QTY>[SrQTH^L0£0GLdcIHKJMLFN@PRQ_SﬂG<EZ¦%NdJMLFNdS©SrXhLiPBPRXhQ(e[ 5VaOH^X^cI[iNnJMLiNVQxSrXhLFXKS¥cZEZJVH<DFW
WJ ﬂRXhWJMH¤_,q Q%EW8tOQ%E>SrQ%cI¦%cBw 0G/£¢i£ O|7£`bQ%EGEI¦TNOJMLiN {Q%EZWxJVLFL NVQT[/naVEIc










DiJVEI¦-}r}w SIQ%DiPFaVWxaVE F[FadSrQ]LiJVY>[lHhDG:OSiJMc>|DFLP~RY>[g QTEZSiJ,c<PRQTE [iJVSIQ
¤O£O} LPRQTE HhQ7cZ¦7cZQ%L([iJVSIQ0FXhHhPFQ7c]SIXKY>[



















DiJVEI¦b}r}]JMHKS  SrQTDiPRaVWxaOEF[iaOSIQLiJVY>[?lH^DG:dSIJ,c-geX^Q_PRQ%E-JMDiSINVQ%jZnDFHhHmc_§Rg aRPRDFE>Y>[
PRQTEG<EZ¦%NdJMLFNxSrQTX^L?aMjkc¦TQ%HhH^XhNMq U,JotVQTEIL/nadSrQ_SDiSISIQ%[iQ%LQ%EZ[FXhQ%H^cT£
¢

































JOSISIX^NOQ%L H RcZJVH^NOEZJVLFXmc_§ PRXhQXh[FL PFDFEZY>[i¦%XhQ%[FQTLiPRQ%L \;EZJMq
LFX^c*aVE F[ 5EIQvDiLiPe[ 5VaOH^X^cI[FQﬂSIa,geXhQﬂPRQ%LtOQ%EZNVHhQ%XKY>[iSrg]Q%XKSIQb[FaRY>[iPFDFEZY>[iH
n
JOSISIX^NOQ%L
[ 5RPREZaMcI[iQ%EZWxJVH^QTL G<EZ¦%NdJMLFNﬃ{Q%EZEZWxJVLFL NOQ%NOH^XhQTPRQTErcg QTEZPFQ%L w '6)
ﬁ
($%&
¤ $ﬂ$ﬂd|A£`QTE\;EZJVLFXmcxg]Q%XKS¥cPFJVSc 5 FXKSIY>[iQ(aVEIcI[iaVNVaOLiJMHhQ(u©HhDRjkcILiQ7cI¦QTX^LFQ_SxSrXKY>[
JFU/nDF[FHhQ%LiPRQTL <HhDRcIaOLiS(JVDRj¥£ `bXhQ!\;Q1iX^EZNOSZPRDFE>Y>[FH nJVSZSrXhNVUOQ%X^cXKS¥cWX^c?DiSILiJM[Rq
WxQbPFQ%EtOaVLNOE_na/:VQ%EZQ%L~dconaVEZDFLFNVQTLHQTQ%XhLFiDG:VcIQTL(p]Q%EZQ%XKY>[FQSIQ%[FE NVQ%EZXhLFNi§Mg]a*Q%X
PRXhQxNVQTEIXhLFNOSrcIQTL`bDFEZY>[iH¨nJOSISIX^NOUVQTXmcZQ%L w lFQ%XhLFUH¥nDRjkcIDFLiNOSQTEIQTXhY>[FQPRQTEﬀ.@J,cZEIXﬂPRQTS






NOQ1*Q%L!g QTEZPRQTL0£ `XhQx[/naOY>[S¥cZQ%Lﬃ`bDFE>Y>[FH nJVSZSrXhNVUOQ%X^cIQ%LﬃPRQ%Eﬂ\©JMLiNVNVQ_S¥cZQ%XhLFQcIEZQ7cIQTL
XhW u©aOLdcZJMUdcEQTEIQTXhY>[ PRQTE\xnJMLFNOQ@¦%DiW fQ1*Q%LFNOQTSrcIQ%XhL JMDFj¥§ PFJ PiJVS(\;Q_S¥cZQ%XhL


















`bQ%E@GEI¦TNOJMLiN {QTEIWJVLFL6nD3RcPRDFE>Y>[ SIQ%XhLFQ [FaO[FQB`DFE>Y>[FH nJVSZSrXhNVUOQ%X^c?QTX^LiQ
LiJMcMnDFEZHhXhY>[FQ`E>JMXhLiJVNVQ%geXhEZUdDiLFNJMDRjPiJVS>QTLiJVY>[ iJVErcZQ\;Q1FXhEZNVQw H RcZJVH^NOEZJVLFX^c
DFLP \©JMLiNVNVQ_S¥cZQ%XhLFQ_|ﬂJMDiST§PFX^QSrXKY>[BXhL Q%XhLFQTEx\;EZDFLiPRg-JVSZSIQ%E>J-iSIQ%LFUDFLiN *Q%XKPq
SIQ%X^cZSPRQTS\©JMLFNOQTS"tVaVL iXhS"¦%D /9W nJMDG:OQ%EIcT£3~QTX^LiQSrcIQ%HhHhQ%Lg QTXhSIQ(SIQ%[FE[FaV[iQ
`bDFE>Y>[FH¨nJOSISIXhNVUVQTXmceNOQ%[dcJMDRj
¦%DiW y3Q%XhH/Y7Wq g QTXmcNOQOna- LFQ%cIQﬂu©H¥nDRjkcIQ(w p]aV[FE FEZaMcIaVq
UOaVHhH^QPFQ%E ﬂ $K&*)P$%&)G)
-




HhXhSZY>[FQTL ? XhEZUdDiLFN PRDFE>Y>[Q%XhLFQ@Q%EZ¦%NdJMLFN/iJME>JMHhHhQ%HhQ?~dconaVEZDFLFNOSrqﬂDFLiP u©HhDRjkcZ¦%aVLiQ
LFaRY>[ tVQ%E>Src_nJMEZUdcT§]PRX^Q SIXhY>[ *Q%XKPFSIQ%X^cIXhN PFQTSG<EZ¦%NdJMLFNdSX^L PFJVS[ 5RPREIaVcI[FQTEIWJVH












p aO[FEZDFLFN y  W(%S$&ﬀ
 ~cZJMLPFJME>PFJ-gv£
p  % ¤O§ G
q ¢ R§%ﬂG<q¨¢
p  ﬁ i§ 9G
q  F§ G<q 
p  $ F§ 9G
q#9 F§ 9"G<q 9
p ¤T ¢§ %"G
q#9 F§ G<q 9




F3nJOY>[FQgeDiEZPRQ PRQ%EG<EZ¦%NdJMLFNeXhW p QTEIQTXhY>[ﬂPFQTSG<EZUdDiLiPRDFLFNdSISrcIaOH^HhQ%LS/PRDFE>Y>[vQ%XhLFQTL
C*QTWxQ%LdcIXhLJ2¥Q%UdcZX^aOLiS¥jrnJOY>[FQ%E]J-FNOQTPRXKY>[dcIQ%c DFLiPSraPRXhQLiJMc,nDFEZH^XKY>[FQ>?!JOSISIQ%E>SIY>[iQ%XKPRQ
tOQ%E>SIY>[Fa/QTL0£R{XhQ%E>PRDFE>Y>[Q%LdcZSrcZJVLiPRQ%L?¦%g]Q%X/[ 5RPRE>JMDiH^XKSIY>[NVQ%cIEZQ%LFLdcIQvy3Q%XhH^NOQ1FXhQ7q
cZQV§/L3naVE>PRH^XKY>[ PRQTSv} L-2¥Q%UdcIXhaVLiSZSZY>[FH^QTX^QTEZS©QTErj aOH^NVc"PRQ%E\;EIDFLPRg]JOSISIQ%E>J-S¥cZEIaOW XhW
GEI¦TNOJMLiNLiJVY>[!faOEZPRQTLﬃeXKY>[dcIDFLiN~RY>[g-JMEZ¦%QTL JVY>[0§*S,nDiPFH^XKY>[!PFQTS;} LJ2¥Q%UdcZX^aOLiS¥q
SZY>[FHhQ%XhQ%E>S-Q%Ldc¥gﬂnJVSZSrQTErcePRQTEG<EZ¦%NOJVLFNLiJVY>[~/nDiPRQTL¦%DFW {"naOH^H iJVY>[/£FW } L-2¥Q%Udcrq
XhaVLiSZSZY>[FH^QTX^QTE<SrQTHS¥c<cZEIQ%cIQTLX^W ~dcIaOH^HhQ%L[ 5RPREZaOSrcZJMcIXKSIY>[FQe`bEIDY>UPFX4 Q%EZQ%LF¦TQ%LxtVaOL
FXKS¦TD ¢OBW JMDFj¥§g]a*Q%XXhW faVE>PRQTL PRQTS?~dcIaOH^HhQ%LiSC?ﬃQTErcZQ@tVaOL ﬂ9!W§XhW














6VdDFX^j Q%E>S Q_SrX^cI¦%cQTX^LiQ!. nJVY>[dcIXhNVUOQ%X^ctOaVLYTJF£ VbW
DFLPvDFWjzJ-:VcPRXhQ90aRY>UOQ%E>SrQ_PRX^WxQTLOcZQ<Sra,geXhQPRQTL"p]Q%EZQ%XKY>[vPRQ%EG<LdcIHKJVSrcIDFLiNOSIUdH¥nDRjkcZQ
PRQ_S;\;E>JMLiXmc>S%£ `XhQ .aVEonJMLFQ"geX^EZUdc©JVDRj NVEZDFLiPXh[FEZQ%EbNVQ%EZXhLFNVQTL@`DFE>Y>[FH nJVSZSrXhNVUOQ%X^c
NOQ%NVQTLnDG*Q%EePRQTW p]Q%EZNVHhQTSZJMLiP(JMHKS~dcZJVDFQ%E_£R} W y3QTSrcINOQ1FXhQ7ceU naVLFLiQ%L?X^W p]QTEINOH^Q%q
SZJMLiPPFJV[FQ%ESIa,g]aV[FHeDFLiNVQTS_nJ,cIcIXhNMcZQ@JMHKSJMDiY>[NVQ_SIJMLFLdcIQ 
QTEI[/nJVHmcZLFXKSISIQ[FQ%EZEIq
SZY>[FQ%L/£`QTEa*Q%EZQ\;EZDFLiPRg-JVSZSrQTEIU naOE*Q%Eg QTXhSrcWxXmcIcIHhQ%EZQ 
Q%EZg QTX^Hh¦%QTXmcZQ%LtVaOL












oTTT*z   z)3

`bQ%Ev{JVDGRc>S¥cZaVHhH^QTLNOJQTHmcvSIXhY>[@LJVY>[ﬃYTJF£*¢OOW$JMDFjDFLiP VdDFQ%EIcbWxX^c *Q%XKPRQTL
~dcZE_nJVLFNVQTL PRQTL G<EZ¦%NdJMLFN {Q%EZWxJVLFL0£-`QTE?YTJF£;¤ 9VBW HhJVLFNVQﬃ
JME>JMHhH^QTHhSrcIaOH^HhQ%L
tOQ%E FX^LPRQ7c QTXhPRQv~dcZE_nJVLFNVQDiLiPtOQ%EZH¨nJVDRjkc]JVDRj/SrQTX^LiQ%E]NVQTSZJMW"cIQTLnJMLiNVQ6JME>JMHhH^QTH








)G"  ) \ NOQ1*Q%L j nDFE"PFQ%L G<EZ¦%NdJMLFN?XhW p]Q7q
EZQ%XKY>[?PFQTSe




`bX^Qp aO[FEZDFLFNVQTLBp 3F¤HFXKS"p!¤V¤H*QﬁiLiPFQ%L SIXhY>[ XhL p]Q%¦%DiNJMDRjPRQTL C*Q7q
WxQ%Ldc>SIY>[FHhQ%XhQ%E]XhW6L/naVE>PRHhXhY>[iQ%L(6iSIY>[iLFXmcIcPRQTSe~dcZaVHhH^QTLiS%§RPRXhQvp]aV[FEZDFLFNOQ%L(p!<¤T¢
FXKSp!¤%ﬁ;X^W S,nDiPRHhXhY>[FQTLy/QTX^H¨£/.@XmcIcIQ%HKSlHha,g-q .@Q7cIQTErqU.Q_SISIDFLFNOQ%LUVaVLiLOcZQ$ ' 
>)&
ﬁ
 $%& w¥¤ $/$ﬂd|x¦%QTX^NOQ%L0§ePFJ: PFJOSu©HhDRjkc¥g-JVSZSrQTE(XhW p QTEIQTXhY>[ PFQTS
JME>JMH^q









w<2#))* '*)+ !¤ $/$M¢d|7£V`;Jvj Q%EZLFQTE PFJOS<[ 5RPREIaVcI[FQTEIWJVHnDG*Q%E FEonJMNMcZQfQQTLFNVQ_S¥cZQ%XhL
PRQ_SbGEI¦TNOJVLFNVQ_S-X^W 
QTEINOH^QTXhY>[¦TDFW:G<EZ¦%NOJVLFNSIQ%H iS¥c©SrQT[FE;NVQ%EZXhLFNPRDFE>Y>[FH nJVSZSrXhN
XKS¥c_§,U,JMLFLWxJVLPiJVS[ 5PFEZJVDFH^XKSZY>[FQ]~ 5RSrcIQTW PRQTSGEI¦TNOJMLiNOS/JVHhS¦Tg QTXhPRXhWxQ%LiSIXhaVLiJMq





`bX^Q!"]JMW FEIXKPRNOQTSI[FX^EZQ<eQ_SrQ_JME>Y>["~XmcZQHhX^QTNMcDFLFNVQ%jrnJM[FEMeUW S,nDiPRHhXhY>[ﬂtOaVL "]JVWq
FEZXKPRNVQw 0G0£_¢i£ 9V|7£%GS/[iJMLPRQ%H^c/QTS/SrXKY>[ﬀQTXOPRQTW ~cZJMLPRaVEIc0DFW Q%XhLFQ9. nDiH^HKPRQ1*aMq
LFXhQ©X^LQ%XhLFQ%W Q%[FQTWxJVH^XhNVQTL6GiJMD3QTEIQTXhY>[?PRQ%E-¢q2$W6WnJVY>[dcZX^NOQ%LCVdDiJVErconJMEZQ%L
yJMQTH^Qvu©XhQTSIQV§FPRXhQv[FXhQ%EPRQTL .@XhPFPFH^Q " [iJVH^U nDGQTEIHKJMNOQ%EZL0£
6G0£F¢£ 9F¡FDiSFX :VU,JMEIcIQ(PFQ%Eu©EZQ%XKPRQTUoJVH^UtOaVEZUVaVWxWxQ%L w g]Q%X :d|©DiLiP 
Q%E>SIDiY>[iSrq
S¥c>JMLiPRaOErcZQ©X^LG<DiEIa/iJw'(*) VVVd|
} L!PRQ%E©`QaOLFXhQgeDFE>PRQtVaOL ¤ $ 9/%qv¤ $&%ﬂ%DiLiP ¤ $ﬂﬁF¤ﬂq;¤ $ﬂﬁ %xtVaVEZgeXhQ%NVQTLiP
{bJMDiSIWnDFH^H;Q%XhLFNOQ%HKJMNVQTErc_£90DFjkcFXhHhPFQ%EJMDiSPRQ%W  dJM[FE@¤ $M¢  DFLiP ¤ $ﬂﬁﬂﬁ!HKJVSZSrQTL
tOQ%EZW"DRcZQ%L0§0PFJ:PRX^Qp-JOSrXKSvPRQ%E`QaOLFX^QPFX^EZQ%Udc"JMDFj]PRQTW .XKPFPRHhQ " [iJVH^U@XhW




G SbUOaVLFLdcZQ%L2¥Q_PRaRY>[ﬃNOQ%EZX^LiNVQ~FY>[iJVPFSrcIa*UOaVLF¦TQ%LdcIE>J,cZX^aOLFQ%LX^L PRQ%W H^XhQ%NOQ%LiPRQTL
.XKPFPRHhQ " [iJVH^U?6VdDFX^j Q%ELJVY>[FNOQ%geXhQTSIQ%L?g QTEZPRQTL!w  ' ' ©Q7cbJVH £ ¤ $ﬂ$ %V|A£F`bX^Q
\;EZDFLiPRg-JVSZSIQ%E>S¥cZE_naOW"DFLFNdSrEZXKY>[OcZDFLFNﬃDFLiP PFQ%E?~cIa- JMDS¥cZEZJVNBX^W y3QTSrcrj Q%HKP SIX^LP





*,@¤ $ﬂ$&%M| `bDFE>Y>[FH¨nJOSISIXhNVUVQTXmcZQ%L;jZnDFEPRQ%L#.XKPFPRHhQ Y>[iJVH^U©XhW p]QTEIQTXhY>[ﬂPRQTE`bQ1*aMq
LFXhQx¦%geXKSIY>[iQ%L ¤V§ ODiLiP ¤V§ ¢WPﬁﬀo§ g]a*Q%X<PRXhQJMLﬃp]aO[FEIUOQ%EZLFQ%LNVQ%WxQ_SISIQ%LFQTL
¢-%
.@JMcIEZX4ﬂFPRDiEZY>[FH nJVSZSIX^NOUVQ%X^cIQTLB¦%geXKSIY>[iQ%L ¤V§ ¢ G<q ﬃDFLiP ¤%i§ ﬁ!G
q @WPﬁﬀH^XhQ%NOQ%L0£
GX^LFQ©¦TDiSIJVWxWQTLRjzJVSZSIQ%LiPRQvp]QTSZY>[FEZQ%X FDFLFN@nDG*Q%EPRXhQﬂ{05RPREZaVNOQ%aOH^aONVXhQDFLiP nDG*Q%E
~dcZa-*cIE>JMLiS*aVEIcIWxaRPRQ%HhH^XhQ%EZDFLFNOQ%LX^W y/Q_S¥cZNVQ%H nJMLPRQ©NVX Rc 
#" '00 '  ,&"xw¥¤ $ﬂ$ﬂ$d|A£
  
 
#T'% ﬂ	/ﬀ d  
y-XhH^WJVLiS¥cZaVLFQHhXhQ%NMcX^L ~3nDPRaOSrcIQTLGLFNVHKJMLPFS@wz6G0£ ¢i£ 9V|XhL PRQ%E\;E>J,jzSZY>[iJMjkc
u©QTLOc_£3
aOL ¤ $O %8FXKSﬂ¤ $&%o¢geDFE>PRQﬂXhLPRQTEbeQTNVXhaVLu©aV[iH^QQTEIN/iJMD *Q7cIEZXhQ1*Q%L0£
`;JPRXhQu©aO[FH^Q1F3naV¦TQvDFLdcIQTEI[iJVHPRQTE " [iJVH^Udq lFaOEIWJ,cZX^aOLtVaVLu©QTLOcbH^XhQ%NOQ%L0§g]JVE








DFLPUOaVLdcZJVWXhLFXhQ%EIcIQPRX^Q_SrQTL nD3QTE;QTX^LiQxlH nJVY>[FQtVaOL! %xUW(DiLiP iXhS©XhLﬃQTX^LiQ
y-XhQ7j QvtOaVL!¤ 9MW D/£ fbf wz030£i¢£ d|A£
6G0£F¢£ i¡i~RY>[FLFX^crcvPRDFE>Y>[PRXhQu©aOLdcZJMWxXhLiJ,cZX^aOLiSrjzJM[FLFQvtOaVLy-XhHhWxJVLiSrcIaVLiQ"WxXmc
PRQ%L LiNOJ-*Q%L$nDG*Q%E PRXhQ u©HhDRjkcrq@DFLP.J,cIEZXﬂRSZJMHhXhLFXmconJ,c w#)+,
- .
"* &!Q%ceJVH £/¤ $ﬂﬁOO|
¢ ﬁ





.XKPFPRHhQ " [JMHhUﬃJMDFj¥§3PRXhQXhL y-X^HhWJMLiSrcIaOLFQQ%XhLFQC. nJVY>[dcIXhNVUOQ%X^cﬂtVaVLBYTJF£VV?W
QTEIEZQ%XKY>[FQ%L/£d`bQ%E-u©EIQTXhPFQ%U,JMHhUxXhSrc]XhL([JMEIcIQDiLiPg]Q%XKY>[FQbp©nJVLiPRQ%E]DFLdcIQTErcZQ%XhHmc_§g aVq
*Q%X-PRXhQ([iJVErcZQ%L p©nJMLiPFQ%E"SIa,geX^QP3nDFLFLFQ .Q%EZNVQTH^HKJMNOQ%L!LFXhQTPRQTEIXhNVQTEIQQTEIWxQTJFX^q
HhXmc nJ,cZQ%L¦%QTX^NOQ%L?DFLiPPFJOPRDFE>Y>[?JVHhS[ 5RPRE>JMDiH^XKSIY>[iQ©p-JVEIEZX^QTEIQTLj DFLiNVXhQ%EZQ%LU naVLFLFQTL
w )+",
- .

















Q%E>SrDiY>[SISrcZJVLiPRaVEIc~X^NOQ%E>SrHhQ%tB[JMLiPRQTHmcQ_SSIXhY>[ DFW QTX^LiQ%L JMUdcIXhtVQTL
~RY>[iEIQTXFUEZQ%XKPRQTSrcIQTX^L FEZDiY>[ PRQ%E!lX^EZWJ liJ-ﬂQ u©EIXKPcﬃ M~ XhL PRQ%E!f"nJM[iQ PRQ%E
NOH^QTXhY>[FLJMWxX^NOQ%L bEIcZSZY>[iJMjkcxJVDRj;PRQTEP0nJMLFXKSZY>[FQ%L } LiSrQTH~Q%QTHhJVLiP §EIDiLiP OUW
S,nDiPRHhXhY>[ tVaOL u©a*Q%LF[JMNVQTL wz6G0£e¢£ 9O|A£e`QTE@~dcIQTX^L FEZDiY>[ HhXhQ%NMcJMW ~cIQ%tLiS
u©HhX^Ldc_§P*Q%U,JMLFLdcPFDFEZY>[BPRQTL ¤TUW tVaVW~dcIQTX^L FEZDiY>[BQTLOcIj Q%EZLdcIQ%L DRjzSZY>[FH^D3:
{aVH^cIDFN§XhLPRQ%W PFX^Qu©EZQ%XKPRQ My/QTErcZX¨nJVEINOEIQTLF¦%QPRDFE>Y>[ QTX^LiQi§ 9q ﬃY%W PRXKY>UVQV§
UOaVLdcIXhLDFX^QTEIHhXKY>[NVQ%H FHhXhY>[Fq=FE>JMDiLFQy3aVLFHKJMNOQ(wzlXKSr[ " HhJ 5F|WxXmcvJ-FLiaVEZWxJVH/[FaO[FQ%E
} EZXhPFX^DFWxUOaVLF¦TQ%LdcIE>J,cZX^aOL(WJMEZUX^QTErc-XhSrc"wﬂ  )G" ¤ $ﬂ$,ﬁO|7£
`;JVSXhW ~dcIQTX^L FEZDiY>[ JMDFj NVQTSZY>[FHhaOSZSrQTLFQ .@JVJOS¥cZEIXKY>[dcIXKJML HKJMNVQTErcZQBSrXKY>[ JMW
~3nDPREZJVLiPvPRQ_S0`nJVLFXKSIY>[FQTLﬂp]QTY>UVQTLiS J-©DFLPﬀQ_S¥cZQ%[dc3JVDiS LiJV[FQ%¦TD;[iaVEZX^¦TaVLdcZJVH,NVQ7q










¤ $ﬂ$M¢|A£<`bX^QﬃLDFENVQTEIXhLFNOQlJMH^cIDFLiN PRQ%E~RY>[FXKY>[dcIQ%LWxX^cf0?q¥~RG NOQ%EZXhY>[dcIQ%cIQTE
bY>[iSrQ XhSrcJVDRjFQ%XhLFQ]SI/nJMcIQ]JMH FX^LiQ u©aVW FEZQTSZSIX^aOLiSrUOaVW *aVLFQTLOcZQ¦%DFEMnDiY>U¦%DRj>nDi[FEIQTL






  " ¤ $ﬂ$V¢d|A£`bQ%E0S¥c>JMLiP PRQ%ESZY>[FXKY>[dciJVEZJVH^HhQ%HhQ%L u©H¥nDRjkcZQSZY>[g]JVLFUdc
¦TgeXhSZY>[FQ%Li§ vDFLiPi§ %;W§dg a/QTX*PFX^QbWX^crcZH^QTEIQTL(0S¥conJMLiPRQbWxXmc-PRQ%E]y-X^Q%j QtVaOL
i§ W wzxq>¤ 9W D/£*\ﬂ;uﬂ|-JMDFji§ ¢Ww¥¤ 9ﬂq VxW D0£\ﬂ;uﬂ|]¦%DiLFQ%[FWxQTL0£`bX^Q
¢ $
HKJ,cZQ%E>JMHhQbDSIPRQT[FLDFLFNxPRQ%Eeu©H¥nDRjkcIQ *Q7cIEonJMNVc]WxQT[FEIQTEIQvC*Q%[iLFQ%E .Q%cIQ%E_§Q%XhLF¦%QTH^LiQ
~RY>[iXhY>[dcIQTL UOQ%XhH^QTL PFJMLiL JMDSDiLiP PRXhQSrDGi[FaVEZX^¦TaVLdcZJVH^QTL u©H¥nDRjkcIQcIQTEIWxXhLFX^QTEIQTL
NOQ%NVQTLFQ%XhLiJVLiPRQ%E_£F`;JVSetOQ%EIcIXhUoJVH^Qvu©HhDRjkcZS5RS¥cZQ%W g QTXhSrcX^W y/Q_S¥cIj Q%HKPtX^QTE{JVDGRcrq
UHhDRjkcIEZXhY>[dcZDFLFNVQTL wr¤ %ﬂ9,§/VM§<¤%¢&9"DFLiP V %|©JMDFj¥£0`XhQ¤ %9DFLiPBM XhY>[Rq
cZDFLFNVQTL SrcIQ%HhHhQ%L PFJQTXbtOaVEZgeX^QTNVQ%LP WDFH^cIX^q¨HKJ 5VQTE(u©H¥nDFjkcIQV§]PRXhQ V @eXKY>[dcIDFLiN
LiJV[FQ%¦TDJMDSrLiJV[FWSrHhaOSX^LdcZEZJMq¨HKJ 5VQTEeDFLiP@SIX^LiNVHhQ7q HhJ 5OQ%Eu©H¥nDRjkcIQxPFJVET£*G<XKSrQTLRq DFLP
.@JVLFNOJVLiJ-iHhJVNVQ%EZDFLFNOQ%LﬂJVHhSLi¦%Q%XKY>[FQTL"[ 5RPREZJVDFHhXhSZY>[FQ%EUdcZX^tX^c_nJ,c<SIX^LPJVDRjPRQTL
¤%9]DiLiPM eS¥cZEIQTXhY>[iQ%LiPRQTLu©H¥nDRjkcZQ%Lxj Q_S¥cZNVQTSrcIQTH^H^c<g]aVE>PRQ%L0£V} W ~dcZQ%XhL iEIDiY>[¦TD
*Q%a/iJVY>[dcIQTLiPRQ[ 5RPRE>JMDiH^XKSIY>[BJVUOcZX^tOQu©H nDRjkcIQ?SrXhLiPBWxX^cQTX^LiQ%E~dcIEZQ%XKY>[FEZXhY>[dcIDiLFN
tOaVL YTJF£ V !PRQ%W8VAq u©HhDRjkcZS5RS¥cZQ%W ¦TDF¦%DiaVE>PRLFQ%L/£-fbJVY>[ PRQ%L DiSIg]Q%EIcIDFLRq
NOQ%LJMHhH^QTE-u©HhDRjkcZWQ_SISIDFLFNOQ%LDFLiP?[ 5PFEIaONVQ%aOH^aONVXKSIY>[iQ%Lp]Q%aJVY>[dcIDFLiNVQ%LS¥cZQ%HhH^QTL




PRXhQ[FaOEIXh¦%aOLOc>JMHhQ%L u©H¥nDFjkcIQV£3p QTtVaOEI¦TDFNMcZQ[FaOEIXh¦%aOLdcZJMHhQx0FiD3:iJV[FLFQ%L UOaVLFLdcIQTL
JVDiY>[ PRDiEZY>[ PFX^Qu©aVEZEIQTHhJMcIXhaVLBtOaVL? JVSZSrQTEI¦TDRcIEZX^crcZSIWJ ﬂRXhWxJ@X^L NVQTaF[ 5RSrU,JVH^X^q
SZY>[FQ%L ? nJMEZWxQ1FDFHKSIWQ_SISIDFLFNOQ%Lwz[FQTJMcrq FDFHKSrQ%q¨HhaVNdS%§dPRDFE>Y>[FNVQ%jZnDF[FEIc tOaVL 
   ﬂ*|
tOQ%E>SIY>[FXhQTPFQ%LFQTE@p aO[FEZH¨nadY>[FQ%E w¨~Ry DFLiP ~Fy 9V|DFLP PRQ%EZQ%L u©Q%EZLiJVDRj LiJM[iWQTL










NOQw'(*) MVOO| XhLOcZQ%E FEZQ7cIXhQ%EIcg]Q%E>PRQ%L0£DiSeNOQ%aOWQ%cIEZXhSZY>[FQTL
n
s6QTEIHhQ%NODFLFNVQTL
XKS¥c¦TD tVQTEIWDRcIQTL0§ePFJ-: DFLdcIQTE?DiLFNVQ_S¥conaVEIcIQ%L 
Q%EZ[/nJMH^cILiXhSZSrQTL JML PRQ%L u©EZQ%DF¦%q
DFLiNOSFDFLFUdcIQTL¦%geXKSIY>[iQ%LxtVQTErcZX^U,JMHhQ%LxDFLPx[FaVEZX^¦TaVLdcZJVH^QTLu©H¥nDRjkcZQ%LJMDFj NVEZDFLiPxPRQ%E
PRaOErc]Q%EZ[/naV[dcZQ%L(u©HhDRjkc_na*LDFLiNOSIg QTXmcZQ%LQTX^LFQ©0GFiDG:VUOaVLF¦TQ%LdcIE>J,cZX^aOL@w ﬁ 	 ﬁﬀTQ/|
SrcZJMcrcIﬁLiPRQ7c_£
} W:JV[FWxQ%LﬃPFQTS 0 " ($ 0
. -





SIDiY>[DFLFNOQ%LwzST£ a£ | [FX^LdcZQ%E/QTX^LiQ%E3DRjzSZY>[FH^D3:Vg-JMLiPvJVLFNVQTH^QTNMcIQTLvp aO[FEZH¨nadY>[FQ%E0~Ry©¤o
DFLPx~Fy©¤%bgeDFEZPFQ%LJMDRj NOEIDiLiPﬂXh[FEZQTSNVQTEIXhLFNOQ%L6iSrcZJMLPRQTS¦TDFQ%XhLiJMLPRQ%E<JVHhSQTX^LRq
¦TX^N WnaONVHhXhY>[iQﬃu©aVLS¥cZQ%HhHhJMcIXhaVL j>nDFEQTX^LFQTL y3EZJOY7QTErcZQTSrc(DFLdcIQTE?U3nDFLS¥cZH^XKY>[ XhLiPRDRq
¦TX^QTErcZQ%W \;E>JVPFX^QTLOcZQ%L w .aOLFa*aVHhtVQTEZSIDiY>[| JMDSrNOQ%gﬂnJM[iHmc_£R} LPFQ%W .@aVLFa/aOHmcZQTSrc
UOaVLFLdcIQ>2¥QTPFaY>[ PRDFE>Y>[ﬃPFX^Qf"nJV[FQPRQ%Evp]aV[iEIH naOY>[FQTEb¦TDFEvDRjzSZY>[FHhDG:Vg-JMLP nDG*Q%E
PRQTW QTSrc¥g]JOSISIQ%E>SrQTQ!w 0G/£¢i£%M|DiLiP Q%XhLFQ%E(PiJME>JMDiSxEZQTSIDFH^cIXhQ%EZQ%LiPRQTL JMDiSINVQ%q
FEonJMNVcIQTL  LiJ,cMnDFEIHhXKY>[FQ%L [FaOEIXh¦%aOLdcZJMHhQ%L(\;EZDFLiPFg]JOSISIQ%E>S¥cZE_naOW"DFLiNﬂ¦%D?PRX^Q_SrQTEeDRjkq
SZY>[FHhDG:Vg-JMLiP(cIEZaMcZ¦vU/nDFLiSrcIHhXhY>[FQTEG<EZ¦%QTDFNVDiLFNxQ%XhLFQTS\;E>JVPFX^QTLOcZQ%L¦%geXKSZY>[FQ%LPRQTL





w¨MVOO|DFLiP '(*) w VVOO|A£FC*DFEp]Q_S¥cZX^WxW"DiLFNPFQ%E\;EIDiLiPRg-JVSZSrQTEZSrcIEonaVWDFLFNOSrq
EZXhY>[dcZDFLFNVQTLﬃXhW sWj Q%HKPBPRQTS"~cIQ%XhL FEZDiY>[FQTS©geDiEZPRQQTX^LBy3EZJOY7QTEItOQ%E>SrDiY>[DFLdcIQ%E
LiJMcMnDFEZHhXhY>[FQTL lHhX^Q:Mj QTHhP*QTPFX^LFNODFLFNOQ%L WxXmcﬃGX^LSI*Q%XKSrDiLFNVQTL XhL tVQ%E>SZY>[FX^Q_PRQ%LiQ%L
p]aV[iEIH naOY>[FQTEIL?PRDFE>Y>[FNVQ%jZnDF[FEIcT£i`bQ%EbJMUdcIXhtVQv03iJMD@PRQTEu©EZQ%XKPRQ©¦%DFE
JFXhQ%EZ[FQ%EIq









6G0£F¢£ %R¡i~UX^¦T¦%QbPFQTS]u©EIQTXhPRQ_S¥cZQ%XhL FEIDY>[iS ~XhNVQTEZSIHhQ%twz`;uﬂ|<WxX^c]LiJOY>[FNVQTgeX^Q_SrQ%q
LFQ%LlH^XhQ1:OEIXKY>[dcIDFLiNVQ%L
`bX^Qy3EZJOY7QTEbgeDFE>PRQTL2¥Q%g]Q%XhHKSbXhL PRQ%L![ 5PFEZJVDFH^XKSZY>[JMUdcIXhtRS¥cZQ%L!p QTEIQTXhY>[!PRQTS
p]aV[iEIHhaRY>[iS WxXmcQ%XhLFQ%W ~RY>[iHhJVDiY>[©Q%XhLFNVQTNVQ1*Q%L/§%g]a*Q%XPRX^Q_SrQ p QTEIQTXhY>[iQ<JMDRjip-JVSIXKS
tOaVL ? nJMEZWQFDFHKSrWxQ_SISIDFLFNOQ%LDFLdcIQTEe[ 5RPRE>JMDiH^XKSIY>[iQ%ELiEIQTNVDFLFNw PRDFE>Y>[FNVQ%jZnDF[FEIc
tOaVL 
   ﬂ ¤ $/$ﬂ$d|-j QTSrcINOQ%HhQ%NVc©geDiEZPRQTL0£ `XhQ<EZa*Q%LiLiJM[FWxQX^L p]aV[FEZH naOY>[FQTEIL
DFLPJVLg QTXmcZQ%EZQ%L?<EZa*Q%LFLiJV[FWxQTSrcIQTH^HhQ%Lwz[ 5PFEZJVDFH^XKSZY>[(JMUdcIXhtVQ;u©H^DFjkcZJMDSIFXKSZSrQo|
SIa,geX^QxPRXhQLiJVH5RSIQxPFQ%Ev<EZa*Q%LﬃQ%EIj aVHhNMcIQxPRDFE>Y>[!XhSIEZJVQ%HhXhSZY>[FQ<EZa-2¥Q%UdcEiJMEIcILFQTE




*QTSrc_nJMcIXhNVQ%L PRXhQ?JVDiSxPRQ%L u©H^DRjkc>JMDRj LJM[FWxQ%L Q%EZg-JMEIcIQ7cZQFEZX^WnJVEIQ?0FiD3:VEZXhY>[Rq









DFE>SFEMnDiLFNVHhXhY>[(U/nDS¥cZQ%LGiJVEZJVH^HhQ%HhQ%L?feq fG lH^XhQ1:dSI5RSrcIQ%W aRPRQTEeJMHKS eQ_SrDiHmc>J,ceQ%XhLFQ%E
Q1ﬂdcZEIQTW [FaO[FQ%L?cZEZJVLiSrtOQ%E>SIJVH^QTL(`bXhSQTEZSIXhtdX^c_nJMcX^L[FaOEIXh¦%aOLdcZJMHhQ%L?0FDG:iJV[FLFQTL
nDG*Q%E©lH^XhLdcIHKJMNOQ%L@XhLdcIQ%E FEZQ7cZX^QTErc;g QTEZPRQTL0£i} LSrNOQTSZJMWﬂcb¦%Q%XhNVQTLPRXhQﬂcZEZJOY7Q%EZ[ 5RPREIaVq
HhaVNOXhSZY>[FQ%LxsLdcZQ%E>SrDiY>[DFLiNVQ%LPRXhQJVDiS<PRQTLxu©HhDRjkc>JMDRj LiJV[FWxQ%LDFLP ? nJMEZWQFDFHKS¥q









L/naOEZPRHhXKY>[FQ%LxfQTNVQ%tdq ? nDiSrcIQvwz6G0£V¢£ ﬁd|3H^XhQ%NVcXhW
p]Q%EZQ%XKY>[PRQ%Ep]Q%QTE~[FQTtoJ~ 5UHhX^LiJVH^QO§FPRXhQﬂy/QTX^H/PFQTS~ 5EZXhSZY>[FQ%Lp]aVNOQ%LiS]XKS¥c_§iPRQ%E
SIXhY>[ tOaVL ~ 5EIXhQ%L XhW faVE>PRQ%L nDG*Q%E}¥SrE>JMQTH
DFLiPI OaVE>PFJMLiX^QTL FXKSﬂXhL PRQTL!g]QTSrcrq
HhXhY>[iQ%L ~XhLiJMX Q%E>S¥cZEIQ_Y>UdcT£0`bX^Q . nJVY>[dcIXhNVUOQ%X^cﬂPRQ%EtRPFJ,clFaVEZWJ,cZX^aOL SZY>[g]JVLFUdc
¦TgeXhSZY>[FQ%L(¤ 9MDFLiP ﬁ/9W§_g]a*Q%X FXKSX^LQ%XhLFQ%E






ﬂ%&&3 '  ¤ $ﬂ$&%M|A£
`bX^Q QTHhJVNVXKSIY>[FQQTaV¦OnJVLFQu©EIQTXhPFQ%U,JMHhUdj aVEZWxJMcIXhaVL
geXhEZP tVaVLBQTX^LiQ%W P3nDFLFLiWnJOY>[dcIXhNVQ%L w UH^QTX^LiQ%E(¤ $W|ﬂLiQ%aVNOQ%LFQTL u©aVLFNOH^aOWxQ%E>J,c
DFLPtOaVL VdDiJMEIc_nJVEIQTL?~RJVLiPRQ%LDFLP  naOSZSrQTLBnDG*Q%EZHKJMNVQTErcﬂw 0G0£i¢i£ $O|A£
} L PRQ%L HhQ7cI¦%cIQTL /9  dJM[iEIQTL geDFE>PRQ%L XhW L/naVE>PRHhXhY>[iQ%L fQ%NOQ%t QTX^LFQ bX^QTHmq
¦_JM[FH Y>[FQTWXKSZY>[FQ%E } LiPRDiSrcIEZX^QTLJVLRq i¦%gv£DFWxNVQ_SrXhQTPRQTHmc-Sra,geXhQbPFX^Q©fJMcIXhaVLiJVH ~X^cIQ
j aOEcZ[FQy/EZQTJMcIWxQ%LdcJMLiPB}¥SIaVHKJ,cZX^aOL aMj;{JM¦_JME>PRaVDS8? JVSrcIQSrQTXmc¤ $&%9 *Q7cZEIXhQ7q









g-JVSZSrQTEZSZY>[DRcI¦ *Q7cIE>JVY>[dcZQ7cﬃw 	" ¤ $ %/%M|A£ `DFE>Y>[ PRXhQ@X^LdcZQ%LiSIX^tOQ@u©H
n
DFjkcIDFLFN
XKS¥cPRXhQNOQ%aOH^aONVXKSIY>[FQp-JVEIEZX^QTEIQ 2¥QTPRaRY>[ LiXhY>[dcxgeX^EZURSIJVW?§SIaﬃPFJ: *Q%EZQ%X^cZS¤ $ﬂﬁ 9
XhLWxQ%[iEIQTEIQTLﬃp]Q%a/iJVY>[dcIDiLFNOSIWxQ1:OSrcIQTH^HhQ%LBw Y%JF£¤ﬁW$D0£0\ﬂ;uﬂ|Q%EZ[/naV[dcZQu©aVLFq
¦TQ%LdcIE>J,cZX^aOLFQ%L(JVL~RY>[g]Q%EZWQ%cZJVH^HhQ%LDFLPaVEZNOJVLFXKSIY>[FQTL~RY>[iJVPiS¥cZa- Q%L(NOQ%WxQTSZSIQ%L
geDFE>PRQTL w1 + '43
5
1#'6 ' ¤ $ﬂ$dR§12+ ,'43BQ%cJMH¨£0¤ $/$/9V|7£
9O
0G/£F¢i£ ﬁF¡G3JMNVQ©PRQ_Sy/Q_S¥cZNVQTH¨nJVLiPRQTS-fQ%NVQTtw  0Q%cJMH¨£iMVOO|
9ﬂ
6G0£F¢£ $i¡i\;Q%aVHhaVNOXhSZY>[FQ_S<EZa-ﬁiH3PRDFE>Y>[@PFJVSby/Q_S¥cZNVQ%H nJMLPRQﬂtVaOLfQ%NOQ%t w12+ '43
5































 !  ﬂ - -#%$'&ﬁﬂ'  ﬃ 










w `buﬂ|S¥c>JMWxWxQ%LJMDSPRQTW p]aV[iEIHhaRY>[~Fy]qZ¤©DFLiPxQ%XhLFQTE y-XhQ7j QtOaVLxEZDFLiP$©W£
lnDFEPRX^QtVaVL ' "1)>)G"?w VVVd| PRDFE>Y>[FNVQ%jZnDF[FEIcIQTLvWXhLFQTEZJVH^aONVXKSIY>[FQTL;LiJMH 5RSrQTL
geDFE>PRQTLJVDRj NVEZDFLiP HhX^WxX^cIXhQ%EIcIQ%L EIa/QTLFWJ,cZQ%EZXhJVHhSa*Q%EF3nJOY>[FQ%LFLJM[ QTLdcILFaOWq
WxQ%LiQxEIa/QTL FH¨nadY>UVQtVaVL MMq O(Y7W `DiEZY>[FWxQ_SISIQ%E©tVQTEIg]Q%LPRQ7c_£ `bXhQ<EZa*Q%L
U naVLiLFQ%L 2¥Q_PRaRY>[ JMDFj NVEZDFLiP PRQTE?{aVWxaVNOQ%LFX^c_nJMcPRQTS?u©EZQ%XKPRQ%U,JMHhUVQ_SXhW ~cIQ%XhLRq
FEZDiY>[ JVHhS?EZQ1FE
n
JVSIQ%Ldc>J,cIXht JVLFNVQ_SrQT[FQ%L g QTEZPRQTL0£-`QTE?LDFE?NVQTEIXhLFN tVQ%EIj QTSrcIXhNMcZQ
u©EZQ%XKPRQ%U,JVH^U¦TQ%XhNMc(*Q%XOWxJVUEIadSrUOaFXKSIY>[iQ%E p Q%cIE>JVY>[dcIDiLFN-g Q_PRQ%E/~RY>[iXhY>[dcIDiLFNeLFaRY>[
~Q_PRXhWQTLdcZSrcIEZDFUdcIDFEZQ%L DFLiP XKS¥cPFJV[FQ%EJVDiSrNOQTSFEZaY>[iQ%LB[FaOWaONVQTL0£
} W `nDFLFLRq
SZY>[FHhX4 geXhEZP PRQTDRcIHhXhY>[/§<PFJ-:BPRXhQ[FaVWxaVNOQ%LFQ?WxX^UEZXmcZXhSZY>[FQ .@J,cZEIXﬂ JVDiSH^X^cI[FXﬁFq
¦TX^QTErcZQ%W uvJVE*aVLJ,cZSZY>[FHKJMWxW6WxX^cQ%XhLFNVQQ%crcZQ7cIQTL QTHhJVNVXKSIY>[iQ%L .X^UEZaMj adSISIX^HhXhQ%L
w p XhaVUHKJVSrcIQTL0§ 9oq>¤T 
aOH £ q
 
|L*QTSrcIQ%[dc_£-fbJVY>[ PRQ%Eu©HKJVSZSrXﬁiU,J,cZX^aOL tVaOL 0
.
 
wr¤ $dV|XhSrcﬂPRQ%E©P0nJMLiXhSZY>[FQxu©EIQTXhPRQTU,JMHhU?QTX^L FXhaVNVQTLRjZnDF[FEZQ%LPRQ%Eﬀ.XhUEIX^cT£ `bX^QxWxXmq
LFQTEZJVH^aONVXKSIY>[iQC*DiSZJMWxWxQ%LiSIQ7cZ¦%DFLFN?Sra,geXhQPFQ%E©y "q \;QT[iJMH^c;SIX^LPX^L!y3J0£ 9R£h¤
NOQ%NVQQTL0£
9ﬂ9
    , _3zo  	?
`bX^Q-<EZa*Q%LJMDiSPRQ%E'"]JMW FEZXhPRNOQTSI[FXhEIQQTSIQTJME>Y>["~X^cIQ]Q%LdcZSrcZJVWxWQTL"QTX^LFQTEy-XhQ7q
j Q tVaVL©EZDFLiP¤-W DFLiPvSIX^LiP"S¥cZEZJMcIXhNVE>J-F[FXKSZY>[;PRQTW 6  / TS N(O3QJT ¦TDF¦%DFaOEZPFLFQ%L0£
DRj NVEZDFLiPPRQ%E!FEZQ%U¦%X naOSIQ%LDiSFXhHhPRDiLFNUOaVLFLdcZQ%LUOQ%XhLFQj>nDiE-`bX*DiSIXhaVLiSI¦%QTH^HhQ%LRq
tOQ%E>SrDiY>[iQNVQTQ%XhNVLFQ%cIQTL<EZa*Q%LJMDiS-PRQTL?u©QTEILFQTLFEonJ-iJVEIXhQ%EIc g]Q%E>PRQTL0£RGS geDFErq
PRQTL WxXmcPRXhQTSIQ%L EIa/QTL JMDiSZSIY>[iH^XhQ1:OH^XKY>[Bp]JMcZY>[tVQTEZSIDiY>[FQPFDFEZY>[iNVQ7j>nDi[FErc_£3`bX^Q
Q_Y>UdXhNVQTL0§ LDFEvSIY>[g-JVY>[DFLdcIQTEIQTX^LJMLiPRQTE©tVQ%EIj QTSrcIXhNMcZQ%L \;QTSrcIQ%XhLiSrj EZJVNVWxQ%LdcZQ"WxXmc
QTX^LFQTW6`DiEZY>[FWxQ_SISIQ%E]tVaOL@¤7q>¤TﬂY%W Q1ﬁiLiPRQTLSIXhY>[X^LQ%XhLFQ%E j Q%XhLFU naVEZLFXhNVQTLC.@J,q


















yJ-0£ 9R£h¤V¡.XhLFQ%E>JMHhaVNOX^Q PRQ%EQTDFEIa//nJMXKSZY>[FQ%L u©EZQ%XKPRQTUoJVH^U FEZa*Q%L w' )>)G"
MOVO|
~XhNVQTEZSIH^QTtwz`;uﬂ| "]JVW8FEZXKPRNVQ_Sr[FXhEZQw suﬂ|




uvJMHh¦%X^c $ﬂﬁi§^¤ $F¤O§ $ 

DiJMEZ¦ F§ ﬁO i§^¤O¤
} H^HhX^c F§ ¢&% ¢§  
0iJMcIX^c F§ 9$ i§ ,
{"nJVWxJMcIX^c F§  i§ ,ﬁ
eDRcZX^H F§ F¤ i§  
y " F§ ﬂ, F§ M¢ ﬁ
*     
`bX^Q!j>nDFEﬃ`X*DSrXhaVLiSI¦%QTH^HhQ%LFqxDiLiP p]JMcZY>[tVQTEZSIDiY>[FQtVQ%EZg]Q%LiPRQ%cIQTL <EZa*Q%L JMDiS
PRQTW6XKSrE>JMQTH^XKSIY>[iQ%Ly3QTSrcINVQFXhQ7ceX^L?PRQ%EefQ%NVQTtdq=? nDiSrcIQxwzuvJ0£¢i£ 9V|Q%LdcZSrcZJVWxWQTL
¦Tg QTXiDFLdcIQTEZSZY>[FXhQTPRHhXKY>[FQ%LSrcIE>J,cZX^NOEZJF[FXKSIY>[FQTLGX^Li[FQ%X^cIQTL0§dPFQ%E9iXhS EIDiLiPx¢OvW D0£
\ﬂ;u JVLiS¥cZQ%[FQTLiPRQTL g QTX:OQ%L u©EZQ%XKPRQ@DFLP PRQTEXhW 0XhQ%NVQTLiPRQTL FXKS(¦TD Q%XhLFQ%E
y3Q%DRj QtVaVL ¤ 9MMq ﬂﬁ/9W JMLS¥cZQ%[FQTLiPRQ%L NOEZJVDFQ%L u©EZQ%XKPRQ w' P&+ 
5
ﬂ%&&3 '  
¤ $ﬂ$ %V|A£`bXhQWJMUEZaOSIUVaiXhSZY>[ [FaOWxaVNVQTLFQ%Lg]Q%X :VQTL u©EIQTXhPRQTU,JMHhU iEIa/QTL SrcZJVWq
WxQ%L!JMDiS;PRQTE;p]aV[iEIDFLiN{; (JVDiSbQ%XhLFQ%E©y-X^Q%j QtOaVLEZDFLiP!,¢(W£ ~XhQg]Q%XKSrQTL




¦TDGQTEIQTXmcZQ%L0£i} LPFQ%E`nDFLFLiSZY>[FHhX4 JMDRj LJM[FWxQ"PRQTEeg QTX:OQ%Lu©EIQTXhPFQ;XKSrcQ%XhL[FaO[FQ%E
liaOSZSrXhH^XhQ%LJMLdcIQTX^H;wzJOPRX^aOHhJVEIXhQ%L/§~QTQ%XhNVQ%HKSrcZJVY>[iQ%HDiLiP lFaOEZJVWxX^LFX^j Q%EZQ%L*|vXhL Q%XhLFQ%E
WxXhUdEZX^cIXKSIY>[JMDiSINVQFXhHhPRQ%cIQTL .@JMcIEZX4ﬂ¦%DQ%EZUVQTLFLFQ%L wﬂ  ,)!	P)G" ¤ $ﬂ$ﬂﬁd|A£R`bX^QvNOEZJVDFQ
u©EZQ%XKPRQQ%LdcZSrcZJVWxWﬂc(JMDSPRQ%Ep]aV[iEIDFLiN {ﬂ¤_ﬂDiLiP Q%XhLFQ%E(y-XhQ7j QtOaVL EIDiLiP










	 ' $%" ﬂ )(" 3 ) 
.
0/ &() ﬂ  *+ )
.
0 ﬀ#
" P)%¤ $/$ﬂﬁd|A£M`bX^QbaVEZNOJMLiXhSZY>[FQe~DGiSrcZJVLF¦HhX^QTNMcXhLlFaOEIW JMHhXF[J,cIXKSZY>[FQ%EA
QTEiX^LRq
PRDiLFNVQTL?WxX^cQ%XhLFQTESrQT[FE[FaO[FQ%L@~aOEFcIXhaVLiSIU,J-iJV¦%X^c nJ,cetOaVEﬂwkj E>PRH¨£iW nDFLiPFH £%.XmcIcT£





  w¥¤ $ OO|<JMHKS-p]X^aOWXhUEIX^cIQb¦%D QT¦%QTXhY>[FLiQ%L0£? nJV[FEIQTLiP  )0 )G"  
.
)G&Q7c
JVH £©w¥¤ $ﬂ$ﬂ$d|xPRXhQg]Q%X :VQu©EZQ%XKPRQJVHhS(a ﬂXKPRXhQ%EIcIQliaVEZW PRQ%ENVE>JMDFQTL u©EIQTXhPRQX^LRq
cZQ%E FEIQ%cIXhQ%EZQ%L0§RPRQTDRcIQTL(cZaVLFWxXhLFQ%E>JMHhaVNOXhSZY>[FQsLdcIQ%E>SIDiY>[DFLFNVQTL(tOaVW 
  ﬂ?JVDRj
QTX^LFQDFLdcZQ%E>SIY>[FXhQTPFH^XKY>[FQ?\;QTLFQTSIQPRQ%E *Q%XKPRQ%Lu©EIQTXhPFQTJMEIcIQTL [FXhL w j EZPFH £
WnDFLiPFH £
.X^crcZH^N£ 14 1  	P", VVVd|A£`XhQ(WxXhLFQ%E>JMHhaVNOXhSZY>[FQ%L C*DSIJVWWxQTLiSrQ%cI¦TDFLFNVQTL
SIX^LPXhLy3JQTH^HhQ59R£ NVQ%NOQ1*Q%L0£






	 ' $%" ﬂ )(" 3 ) 
.










>iJMH  ¤V§ 

DiJMEZ¦  ¤V§ 
y/aOLFWxX^LiQ%E>JMHhQ  
y " F§ M¢ ¤O§ /$O








QTErcZEIQ%cIQ%EPRQ%E aOH5¦5dUHhXhSZY>[FQTL JMEZaVWJ,cZXhSZY>[FQ%LBu©aO[FH^QTLg]JOSISIQ%E>S¥cZa- Qwz u#+ S>|
PRDiEZY>[FNOQ7j>nDF[iErc_£`XhQBWxaVHhQ%UDFHKJMEZQ%L `bX*DiSIXhaVLiSIUVaQ¦TX^QTLOcZQ%L PRQ%EtOQ%EZg QTLiPcIQTL
~dcZa- QSIXhLiPXhLﬃyJ-*Q%HhH^Q79R£ NVQTNVQ1*Q%L/§g]a*Q%XPRXhQ`bX4 DiSIX^aOLiSIUVaQ¦%XhQ%LdcZQ%Lj>nDFE
9 %
PRXhQ!.aVHhQ%U/nDFHhQLiJOY>["\;H £MF£^¤ $ QTXFM "w QTLdcZSFEIQ_Y>[FQ%LPﬂPRQ%L 0X^cIQ%E>J,cZDFE>JMLFNdJ-*Q%L
PRQ_SvWxaVHKJMEZQ%L 





" w¥¤ $ %o¢|
LiJOY>[\;H¨£F£ V8*Q%X3/9  ";*Q%EZQTY>[FLiQ7cgeDFE>PRQ%L/£
yJ-0£ 9R£ F¡.aVHhQ%UDFHKJMEZQ`bX*DiSIXhaVLiSIUVaQ¦TX^QTLOcZQ%L PFQ%EtVQ%EZg]Q%LiPcZQ%L ~cIa- Q w } aMq
LFQ%L *Q%X3/9 "b§3.aVHhQ%U3nDFHhQ QTX3M  "-|










































OF§ 9 ¢§^¤O¤©G<q 
GaOSIX^L q ¢Oﬂi§  i§ ﬁ&%"G<q 
WXKPRaOEI[FaRPFJVWxX^L\ Y%JF£iV

9M¢, i§ M¢xG<q 























JMcIQTL ﬃ wzuvJ0£ 9F£^¤O£ ¢|A§OJVHhS




 .  / (*ﬃ#%ﬃ#, 
 
/ 
`bX^Q-`bX4 DiSIX^aOLiSr¦TQ%HhH^QTLtVQ%E>SIDiY>[FQ<geDFE>PRQTL QTXFV  "!JVDFWﬂcZQ%W QTEZJMcIDFELiJOY>["PRQ%E
XhLuvJFX^cIQ%H i£^¤O£^¤ Q_SIY>[iEIXhQ1*Q%LFQTL8
aOEINOQ%[FQTLiSrg]Q%XKSIQXhW JM[iWQTLtOQ%E>SIY>[iX^Q_PRQ%LFQTE
`bXiH^aOWxJVE*Q%X^cIQTL wﬂ! )%	 )G" ¤ $/$ﬂﬁi§ '(&):MOVi§ '"1)%6)G" MOVd|"PRDiEZY>[Rq
NOQ7j nDF[FEIcT£ y 5 FXhSZY>[FQﬂXhLﬃPFQ%L .@Q1:V¦TQ%HhH^QTL@NVQTWxQTSZSrQTLFQ"`bDFEZY>[ FEZDiY>[iSIUDFEZtVQ%LSIX^LP
XhL0GFXhHKPRDFLFN#i£ DFLiP 9F£^¤vPFJVEINOQTSrcIQ%HhH^cT£




































WxX^caVq=<>5dHhaVH]DFLiP fJF[dcZJMHhXhL NVQTLFQ%EZQ%HhH]LdDiEWxX^cxPRQTW H^XhLFQ_JMEZQ%L7.aRPRQTH^Hvw¨\;H £
i£ O|JVDiSrNOQ%g]Q%EIcIQ%cg QTEZPFQ%L0£ `bX^Q~dcIEZQ%DiDFLFNPRQ%Eﬀ.Q:Vg]Q%EIcIQﬂXhL!6GFXhHhPFDFLFN 9R£h¤









DFQ_Y>URSrXhH*Q%E 2¥aRPRXKPBwzuvJ-/£+F£h¤V£h¤_|]QTX^L iX^aOH^aONVXKSIY>[FQTE0GJMD *Q%a/iJVY>[dcIQ%cwz6G0£
9ﬂ$
9F£ O|A£ HKS©fJ-i[Oc>JMHhX^LJ-GiJVDGFEZaRPRDFUdcIQgeDFEZPFQ%L *Q%XQTX^LFQTEvLiJVH5RSIQw \©JOSIY>[iEIaVq




LFaOLiSrcIEZDFUdcIDFEZQ%L g]Q%E>PRQTL QTX;PFQ%EUVaOWQ%cZJaOH^XKSIY>[iQ%L y3EZJVLiS¥j aOEIWJMcIXhaVL PRDFE>Y>[
X^Hh¦%Q]aRPRQ%E *Q%XFPRQTEDiLiSI*Q%¦TX4ﬁ*SIY>[FQTL"E>JVPRXhU,JMHhXhSZY>[FQTL" u;qr6ﬂRXhPFJMcIXhaVL"PFDFEZY>[H^XhNMq




()3" ¤ $ﬂ$,O|A£ ?!Q%X^cIQTEI[FXhLUVaOLFLdcIQ"~RJVH^XKY5HKSTnJVDFEZQV§Q%XhL¦%QTLOcZEZJVH^QTE .Q7c>J-*aVHhXmc6*Q%XhW
iJVUdcIQ%EZXhQ%HhH^QTL"fJF[dcZJMHhXhLRq 6GiJVDw






























0G/£ 9R£ R¡Fp]XhaVHhaVNVXKSZY>[FQ%E-0GJMDtVaOL?fbJ-F[dcZJVH^XhL w ?!Q%X :VQﬂu©EZQ%XKPRQw } 3|I|
lnDFE"PFX^QNOEZJVDFQxXhSIEZJVQ%HhXhSZY>[FQxu©EIQTXhPFQUVaVLiLOcZQJMDRj NOEIDFLP!PFQTSﬂ6GiJMDS©cIEZaMcZ¦
2¥QTg QTX^HKS-¦%g]Q%X^jzJVY>[FQTE ? XhQTPFQ%EZ[FaVHhDFLFNUVQTX^L`X DiSrXhaVLSr¦TQ%HhH^QTLdtOQ%E>SrDY>[WxXmcfbJ-F[Rq
c>JMHhX^LvaRPRQTE/aMq <65HhaVHMQTErj aOH^NOEIQTXhY>[©J-iNVQTSZY>[FHhaOSZSrQTLbg]Q%E>PRQTL0£T~a,g]aV[FHOfJ-i[Oc>JMHhX^LﬂJVHhS
O
JVDiY>[aVq=<>5H^aOH geDFEZPFQ%L QTX/PRQ%L 
QTEZSIDiY>[iSIEIQTX^[iQ%LSrQTHiSrceX^LPRQTL 
aVEZEZJMcZSI¦%Q%HhHhQ%L
LiJV[FQ%¦TDﬃtOaVHhHhSrc_nJVLiPRXhNJFNVQiJMDRc_§ X^L PRQTL .Q:V¦TQ%HhH^QTLUVaOLFLdcIQTL!SIX^QxLDFE©XhL!SIQ%[FE
NOQ%EZX^LFNOQ%L u©aVLi¦%Q%LdcZEZJMcIXhaVLFQTL LiJOY>[FNVQTgeX^Q_SrQTL g]Q%E>PRQTL0£<} W sLdcIQTEZSZY>[FXhQTPPFJM¦TD
SIQ7cZ¦7cIQPRQ%E;0GJMD *Q%XPRQ%L 
QTEZSIDiY>[FQTLWxXmcvPRQ%Ebg QTX:OQ%LXKSrE>JMQTH^XKSIY>[iQ%Lu©EIQTXhPFQ
QTEZSrcbLiJOY>[Q%XhLFQ%W .aOLiJ,c_§*PiJMLFLJQTEQ1ﬂ *aVLiQ%LdcIXhQ%HhH3QTX^L/§ P0£ [0£*XhLPRXhQTSIQ%LEIaVq
*Q%L UVaOLFLdcIQSrXKY>[ PRXhQ .XhUdEZaMjzJVDFLiJtVQ%EZW"DFcIHhXhY>[ JVDRj NVEZDFLiP PRQTSxHhXhWX^cIXhQ%EIcIQTEIQTL
u©aO[FH^QTLiSrcIa- JMLiNVQ1*aMcZQTSw F§ M¢d\;QTgv£ q
 
XhW 
QTEINOH^QTXhY>[ ¦TD ¤O§ /$O\;Q%gv£ q
 
§S%£




DFLPQ%LFNOH^XKSIY>[iQ%Lu©EIQTXhPRQTU,JMHhU iEIa/QTL(tVaOLDiLFUVaOLOc>JMWxXhLFX^QTErcZQ%L F¦%gv£WxXmc " [FHhaMq
EZXhPxUOaVLdcZJVWxX^LFXhQ%EIcIQTLx~cZJMLPRaVEIcIQTL¦%Q%XhNMcZQ%LxUVQTX^LiQ%L03iJMD0£d`bJV[FQ%EUoJVLFLPFJotOaVL




NOQ%L 6GiJVD XhW DFLdcIQ%E>SIDiY>[dcIQ%L u©aVLF¦TQ%LdcIE>J,cZX^aOLiSQTEIQTXhY>[ wzfbJ-F[dc>JMHhX^L FXhS@/9
WxN/ &ﬀ,§,aMq <65H^aOH FXhS 9MbWN  ﬁﬀ7|JMDiSINVQTNOJVLFNVQTLﬂg QTEZPFQ%L0£M`bQ%EﬃFXhaVHhaVNOXhSZY>[FQ]0Rq
iJVDtOaVLaMq <65HhaVHDFLiPxfJF[dcZJVH^XhLXhLxPRQ%E
XKSrE>JMQTH^XKSZY>[FQ%Lu©EIQTXhPRQ]tVQTEI[iX^LiPFQ%EIcQTX^LiQ












EZaOSIXmconJ,cZQ%L?jZnDFEPRXhQ"u©EZQ%XKPRQ%U,JVH^UOQbNOXRc;y3J0£ 9R£ ¢i£`XhQﬂWxXmcb[FaRY>[FNVQ_S¥cZQ%HhHmcZQ%L@C JM[Rq
HhQ%LNVQ%UOQ%LFLi¦%Q%XKY>[FLFQ%cIQTLﬂy/E>JVY%Q%E/NOQ1*Q%L"PFX^Q]fDFWxWxQ%E
PRQTE .DiHmcZXmcZEZJOY7Q%EZtVQTEZSIDiY>[FQO§
P £ [0£iPFQ%E`bX4 DiSIX^aOLiSr¦TQ%HhH^QTLtVQ%E>SIDiY>[FQ%LWxXmcby3E>JVY7QTEZY%aRY>UOc>JMXhHhST§JML0£









SIQ%LPRX^Q-g]Q%X :VQTL"XKSrE>JMQTH^XKSIY>[iQ%Lﬂu©EZQ%XKPRQ1FEZa*Q%LQ Q%UdcIXhtVQ-`bX4 DiSIX^aOLiSrUOaQ¦%XhQ%LdcIQTL




u©EZQ%XKPRQ%U,JVH^U FEZa*Q%L tVQTEINOH^QTXhY>[ iJVEIQxQ1*QTUOcZX^tOQ(`bX4 DiSIX^aOLiSrUOaQ¦%XhQ%LdcIQTLBjZnDFEPRX^Q
lHhDFaVEZQTSI¦%QTLiS¥cZEZJOY7QTET£lnDFEPRXhQ©P/nJMLFXKSIY>[iQ%Lu©EIQTXhPRQTU,JMHhUVQ©JMDiSe~XhNVQTEZSIH^QTtWxXmcSIQ%[FE
[FaO[FQ%L aVEZaOSIX^c_nJ,cZQ%L@tOaVL!¢ 9LFXKS59R¤O§ ¢
 
geDFE>PRQTLﬃQ1*QTUOcZX^tOQ`X*DSrXhaVLiSIUVaQ1q




yJ-0£ 9R£ ¢i¡RGﬃ Q%UdcIXhtVQ$`bX*DiSIXhaVLiSIUVaQ¦TX^QTLOcZQ%L0§ uvJ-iJV¦%X^c_nJ,c>S¥jzJVUdcIaVEZQ%L/§ aOEIaVq
SrX^c_nJMcIQTLBDFLiP EZQ%HKJ,cIXhtVQ`bX4 DiSIX^tX^c_nJMcIQ%L PRQ%E"u©EZQ%XKPRQTUoJVH^UOQw .DFH^cIX^cIE>J,q















" 0,     
0X^cI[iX^DFW i§ O"G<q#% F§ ¢, ﬂﬁF§ $ F§ OM¢
fJF[dcI[iJVH^XhL F§ ¢ $G<q#% F§  MF§ $ F§ ﬂ 9/%
fJF[dcI[iJVH^XhL ﬁi§ %V"G<q#% R§ M¢ OR§ $ F§h¤_M¢/$
aMq <65HhaVH ¢§ ﬁ 9"G<q#% F§ 9  ﬂF§ ﬁ F§ &%9
aMq <65HhaVH F§ i¤;G<q#% F§ ﬂ ﬂ9R§ 9 F§ ﬂdV
A5E>JMLFXhL ¤O§ &%ﬂG<q#%  VF§ ﬁ F§ OV





@,     
sE>JMLiX^L i§ ¢ G<q#% F§ $ % ¢ 9R§  F§  %  %
A5E>JMLFXhL F§ % ﬁG<q#% 	
 ¢,F§ ﬁ F§ &%ﬂ%
 
z*do_zr  
fJF[dcI[iJVH^XhL ¢§ %R¤;G<q#% F§ 9ﬂ9 /9R§  F§ &%9
aMq <65HhaVH ¤O§ 9/9"G<q  F§%9 ¢ F§  F§ R¤ 9 ﬁ
aMq <65HhaVH ¤O§ 9O"G<q  ¤V§h¤% ¢ 9R§ 9 F§ R¤O¤%¢




Q4 *R ﬁ %R§ 9 %ﬂG<q#% R§ $V 9R¤V§ ¢ F§  ,/9
ﬀ   S-
 S-4 ¢§ VG<q  ¤V§ M 9R¤V§ ¢ F§h¤ $&%M
ﬀ  
 O&-4 9F§ $OG<q#% ¤V§  % 9R¤V§ ¢ F§ /9 % 
ﬀ Q-R)*R ¤O§ %$G<q  R§ ﬂ 9R¤V§ ¢ F§ ﬂ$&%¤
   S-









Q4 *R-! ﬁi§ ¢&9"G<q#% ¤V§ ¢i¤ ¢/$F§ $ F§ /%V,¢
  








 ¤O§ i¤;G<q  ¤V§ 9$ ¢V¢i§ ¢ F§ ﬂ9F¤%
 , QJR *R i§ %$G<q#% 	 ¢V¢i§ ¢ F§h¤  9R¤





Q4 *R ﬁ i§ ,ﬁG<q#% ¤V§ ﬁﬂ ¢V¢i§  F§ $,O

 Q-R)*R ¤O§ d"G<q  ¤V§ 9M ¢V¢i§  F§ M O
ﬂz  F%_  	?



















`bX4 DiSIX^aOLiSIUVaQ¦%XhQ%LdcZQ%LtVaOL F§ ¢&%G
q;%Y7W(%S$&ﬀ;jZnDFEbfbJ-F[dcZJVH^XhLJMDRj¥§WxX^LFXhWJMH
[/naO[FQ%EJVHhSePFX^QﬂP0nJVLFXKSIY>[FQ©DFLP?PFX^Q©XKSrE>JMQTH^XKSIY>[iQ;EIa/QO£
`bX^Qﬀ*QTSrcIXhWxWﬂcZQ%L@`bX4 DiSIX^aOLiSrUOaQ¦%XhQ%LdcIQTLSrXhLiP?NVQTLFQ%EZQ%HhH WxXmcPRQTL 0X^cIQTEZJMq
cZDFEIg]Q%EIcIQTL j>nDiEQ%LFNOH^XKSIY>[iQDFLP XKSIEZJVQ%HhXhSZY>[FQu©EIQTXhPRQTU,JMHhUVQ(tOQ%EZNVHhQ%XKY>[ iJME_£#'&
wr¤ $ﬂﬁV¢d|>*QTSrcIXhWW"cIQXhLB`X DiSrXhaVLSr¦TQ%HhH^QTLdtOQ%E>SrDY>[FQ%L SIY>[iQ%XhL JMEZQx`bX*DiSIXhaVLiSIUVaVq
Q1x¦TX^QTLdcIQ%LjZnDFE tOQ%E>SIY>[iX^Q_PRQ%LFQLFXhaVLFQTLX^L(Q%LFNOH^XKSIY>[iQ%Lu©EZQ%XKPRQ%U,JMHhUVQTLxtVaVLi§ ﬂﬁ
q i§ ﬂ"G
q Y7W(%S$&ﬀ,£F`bJ  '&?w¥¤ $ﬂﬁM¢|SIQ%XhLFQ 
Q%E>SrDY>[FQ;JVDiY>[JVLNOQ1FEZaRY>[FQ%LiQ%L
P £ [0£]NVQTUdH¥nDRjkcZQ7cIQTL u©EZQ%XKPRQ1FEZa*Q%L PRDiEZY>[FNOQ7j>nDF[iErc([J,c(DFLP PFJM[iQ%E(WxX^c?JVLiPRQ7q





JVH £ w¥¤ $ﬂ$ O| *QTSrcIXhWxWﬂcIQ;XhLG<XhLiPREZXhLFNVtOQ%E>SrDiY>[iQ%LWxXmc-Q%LiNVHhXhSZY>[FQ%Lu©EIQTXhPRQFEZa*Q%L
SZY>[FQ%XhL iJMEZQ"`bX4 DiSIX^aOLiSIUVaQ¦%XhQ%LdcZQ%LjZnDFE5" [FHhaVEZXhPDiLiPp]EZaVWxXhP¦TgeXhSZY>[FQTLR§ 9
DFLP ﬁF§ ﬁG<q Y7W(%S$&ﬀ,§ 
 " + ,&
- .
& wr¤ $/$ﬂﬁO|vX^L `X*DSrXhaVLiSI¦%QTH^HhQ%LtOQ%E>SrDiY>[iQ%L
Q1*QTUOcZX^tOQ?`bX*DiSIXhaVLiSIUVaQ¦TX^QTLOcZQ%LBj
n




   Q%cJVH £w¨MOVO|8*Q%EZXhY>[dcIQ%cIQTL SZY>[FQ%XhL iJMEZQ%L `X*DSrXhaVLiSIUVaQ1q
¦TX^QTLOcZQ%L j
n
DFE(p]EZaVWxXhP X^LPRQTLJVDiY>[ [iX^QTEDFLdcIQ%E>SIDiY>[dcIQ%L g]Q%X :VQ%L DFLiP NVE>JMDiQ%L
XKSrE>JMQTH^XKSZY>[FQ%Lu©EZQ%XKPRQ%U,JVH^UOQ%LtVaOL¤V§ ©q<R§ 9ﬂ9vG<q "Y7W(%S$&ﬀSrXhLiPPFX^EZQ%Udc WxX^c-PFQ%W
[FXhQ%E *QTSrcIXhWW"cIQTL?SZY>[FQ%XhL iJMEZQ%L`bX*DiSIXhaVLiSIUVaQ¦TX^QTLOcZQ%Lj>nDiE /XmcZ[FX^DiW6tVaOL¤V§ ¢
G<q Y7W(_Sﬁﬀ"w¨\;H £ R£ ,¢|<tOQ%EZNVHhQ%XKY>[ JME_£
`bX^Q <JVEIXKJ,cZX^aOLFQ%LxPRQTE<Q Q%UdcIXhtVQTL`X*DSrXhaVLiSIUVaQ1x¦TX^QTLdcIQ%LU naVLFLiQ%LxLDFE<DFLRq
¦TDFEIQTXhY>[iQ%LiPPRDFE>Y>[ PRXhQDFLdcIQ%E>SZY>[FX^Q_PRHhXhY>[FQTL aVEZQ%LFE>JVPRXhQ%LtOQ%EIcIQ%XhHhDFLFNVQTL wz6G0£
9F£ d|"QTEIUH nJMEIcg]Q%E>PRQTL0£ C*g-JMES¥cZX^WxW"cPFJVS 
QTEI[3nJMH^cILFXKSPRQ%EQ1*QTUdcIXhtVQ%L `bX4 DRq




JMH^cILFXKS]PRQ%E WX^crcZH^QTEIQTL(aVEZQ%LiEZJOPRX^QTLwzF§h¤ 9  W$wz} <§dg QTX:|
 
F§ ¢  W
wz} <§*NVE>JMD|
 
F§   Wwz`;uﬂ|r|
n
DGQTEIQTX^L/§PRaRY>[Q%Ldc>SIFEZXKY>[OcQ_SJVDiY>[@PRQ%E;0Rj aOHmq
NOQPRQ%E WX^crcZH^QTEIQTL(\;QTSZJMW"c*aVEZaOSIXmconJ,cIQTL0£M`bQ%ELDFE]SIY>[iQ%XhL JMEZQC DiSIJVWxWQTLF[iJVLFN
¦TgeXhSZY>[FQ%LWxX^crcZH^QTEIQTL@aVEZQ%LFE>JVPRXhQ%L?DFLiP`bX*DiSIXhaVLiSIUVaQ¦TX^QTLOcZQ%LgeXhEZPJVL@PRQ%E




j DiSIXhaVLiSIUVaQ¦TX^QTLOcZQ%LBXhL y3J0£ 9F£ ¢UoJVLFL j aVHhNVHhXKY>[BLFXhY>[dcPFDFEZY>[ PFX^QWxX^crcZH^QTEIQTL
aOEIQTLFEZJOPRXhQ%L"QTEIUH nJMEIc<g QTEZPFQ%L0£V`bXhQDFW EIDiLiPxPREIQTX C*QT[FLFQTE*aMcZQ%LF¦TQ%LxUH^QTX^LFQTEIQTL







































 Weiße Kreide (IL)
 Graue Kreide (IL)
 Tilmanstone (UK)
Porenradien [µm]
6G0£ 9F£ i¡Fy95 FXKSIY>[iQaOEIQTLFE>JVPRXhQ%LtVQTErcZQ%XhH^DiLFNVQTL PFQ%EBDFLdcIQTEZSIDiY>[dcIQTL u©EZQ%XKPRQ%q
UoJVH^UOQ





PRQTL PRX^Q[3naOY>[iSrcIQTLuvJiJM¦TXmconJ,c>S¥jzJVUOcZaVEZQ%L XhL G<XhLF¦%QTHmcZEZJOY7QTEItOQ%E>SrDiY>[iQ%L WxX^cR§ ¢
DFLPﬃ¤O§  9©j>nDFE95EZJVLFX^L QTaiJOY>[dcIQ7c_£>g aO[FH*95EZJVLFX^L FXKSrHKJMLFNxJMHKS-UVaOLiSIQ%EZtoJMq
cZX^tOQ%E_§ P0£ [0£0SIQ%[iEbNOQ%EZX^LFN?SraOEFcIXhtVQ%E©y3EZJOY7Q%E;NVXhH^cxw' )3&(" )¤ $ﬂ$M¢§8)G' $%&()G"& 
¤ $ﬂ$F¤o|A§¦%QTX^NVcA5EZJVLFXhL(XhL?PRQTL?`bX*DiSIXhaVLiSI¦%QTH^HhQ%LtVQTEZSIDiY>[FQTL(WxX^cu©EIQTXhPRQFEZa*Q%L
DFLdcZQ%E-LFQ%DFcIE>JMHhQ%LCiXhS iJOSrXKSIY>[iQ%Li{q p]Q_PRX^LiNVDFLFNOQ%LUdHKJME-SIaVE RcIXhtVQ_S9
QTEI[iJVHmcZQ%L0£
`bX^QuvJ-iJV¦%X^c_nJ,c>S¥jzJVUdcIaVEZQ%L(Q%LdcZSFEZQTY>[FQTL?PFJQTX0NVQTWnJ-:\;H £*R£ ﬁ 
QTErcZQ%XhH^DiLFNOSIUVaVq
Q1x¦TX^QTLdcIQ%L tVaVL ¤O§  BDFLiP F§ $OBY%W3%N ﬁﬀ?jZnDFE?NVE>JMDFQDiLiP g]Q%X :VQ@XKSrE>JMQTH^XKSZY>[FQ
u©EZQ%XKPRQ1iEIa/QTL0£<`bJBPFX^QuvJiJM¦TXmconJ,c>S¥jzJVUOcZaVEZQ%L cI[FQTaVEZQ7cIXKSZY>[ JVDiY>[ PRDFE>Y>[ QTX^LiQ





NOQ%EZX^LFNOQ%EZQﬃ~aOERcZX^aOL WxX^c?QTX^LFQTW WJ ﬂRXhWxJVH^QTL 
Q%EIcIQTX^HhDFLFNdSrUOaQ¦%XhQ%LdcIQTL tVaOL
i§ % (Y7W(%N &ﬀvjZnDFEvPRXhQxNVE>JMDFQﬂXKSIEZJVQ%HhXhSZY>[FQu©EZQ%XKPRQO£*`bX^Q 
QTErcZQ%XhH^DFLiNOSIUVaQ¦%XhQ%LFq
cZQ%LPRQ%E




aVq=<>5dHhaVH]XhL PRQTL g]Q%X :VQTL u©EZQ%XKPRQ%L wztNVH¨£yJ-/£29F£ DFLiP 9R£%M|I|A£
A5E>JMLFXhL W"D3:
LiJOY>[ PRQTW PRQ%EZ¦%QTXmcZX^NOQ%L u©QTLFLdcILFXKSZS¥c>JMLiP PiJM[FQTEJVHhSSraOEFcIXhtVQ%Exy3EZJOY7Q%EX^L PRQ%E




p]Q%XRPRQTL"tOaVL2' )>)G"@w¨MVOO|/PRDFE>Y>[FNVQ%j nDF[FEIcIQ%L#.DFH^cIX^cIE>JVY%Q%E>PRX4 DiSIX^aOLiSrq
tOQ%E>SrDiY>[iQ%L geDFE>PRQTL S5SrcIQTWJ,cIXKSZY>[ [ naO[FQ%EZQ!uvJiJM¦TXmc nJ,c>S¥jzJVUOcZaVEZQ%L JVHhS?XhL PRQTL
GX^LF¦TQ%H^crcZEZJOY7Q%EZtVQTEZSIDiY>[FQTL Q_S¥cZX^WxW"cT£b~XhQ SZY>[FQ%XhLFQ%L Q%XhL } LiPRXh¦ﬃj>nDiE ?ﬃQ_Y>[iSrQTHmq







Q%EZ[iJVHmcZQ%L JML0£DnJVH^HhXhN XKSrcT§PFJ: SIXhQBNVQ%LiQ%EZQ%HhH
LFXhQTPFEIXhNVQTEJVHhSPRXhQj nDiEx95EZJVLFX^L *QTSrcIXhWxWﬂcZQ%L ?ﬃQTErcZQ?SIX^LP £<l nDFExaMq <65H^aOH *Q7q
EZQTY>[FLiQ%L SIXKY>[ 
QTErcZQ%XhH^DFLiNOSIUVaQ¦%XhQ%LdcZQ%L w¨\;H £]R£ ﬁO|"¦%geXKSIY>[FQTL i§^¤@DFLP i§ O












HhDFLFNdSrUOadQ1¦%XhQ%LdcIQTLtOaVLF§ M¢ F¦Tgv£F¤V§ R¤vw *Q%XKPRQg]Q%X :VQu©EZQ%XKPRQ-} 3|7§Oi§^¤%"w `buﬂ|





PRQTEbg]Q%X :VQTL@u©EIQTXhPFQ"J-0§ SrcIXhWW"c 2¥Q_PRaRY>[SIQ%[FEbNVDRc;WX^cvPRQ%LGEINOQ1FLiXhSZSrQTL@PRQTS
¦Tg QTXmcZQ%L"`bX4 DiSIX^aOLiSItVQ%E>SIDiY>[iS-nD3QTEIQTX^L0£o`;JXhW ¦%g]Q%X^cIQ%L`X*DSrXhaVLiSItVQTEZSIDiY>[vDFLP
XhLPRQ%Lp-J,cZY>[tOQ%E>SrDiY>[iQ%LWxX^cPRQ%Eeg]Q%X :VQTL?u©EZQ%XKPRQ©<EZa*Q%LFWJ,cZQ%EZXhJVH tVaVW NOH^QTXmq
Y>[FQTL u©Q%EZLiSrc,nDiY>U WX^cQTX^LiQ%W [FaV[FQTL aVEZNOJVLFXhSZY>[FQTL u©aO[FH^QTLiSrcIa- NVQT[iJMH^cwzi§ V¢
 












u©EZQ%XKPRQ?g QTXhSIQ%L WxXmcDSrLiJV[FWxQtVaVL`bQ%DRcZQ%EZX^DFW PRQ%DRcZH^XKY>[FQ@6dg]Q%XKY>[DFLFNOQ%L




G<adSrXhLBDFLiP fJ,cZEIXhDFWxLiJF[dcIXhaVLiJMc>|©cZ[FQ%aOEIQ%cIXKSIY>[ ¦%D [FaO[FQ`bX*DiSIXhtdX^c_nJMcIQTL
JVDRj g QTXhSIQ%L/§egﬂnJM[FEZQ%LiP 0X^cI[iX^DFW PRXhQBLiJVY>[  #"%$%&('*)%+ S\;Q_SrQ%cI¦B¦%D Q%EZg-JMEIcIQ%LFq













XhW:G<XhLFUHhJVLFNWxXmc©PRQ%LGEINOQ1FLiXhSZSrQTLtVaVL-0!" ' $  wr¤ $/$ﬂO|7§iPRQTEbJMDFjp]JOSrXKSetOQ%EIq
SZY>[FXhQTPRQTLFQ%E9ﬁiLFLFXKSIY>[iQ%Ee~dcIDiPFX^QTLtVaOLQ%XhLFQ%E]S¥c>JMEZUVQTLG<EZLFX^Q_PREZX^NODFLFNﬂPRQTEQ Q%UdcZXmq
tOQ%L(`bX4 DiSIX^aOLiSIUVaQ¦%XhQ%LdcZQ%Lj>nDFEeuvJMcIXhaVLFQTLDFLiPQTX^LiQ%E]g Q_SrQTLOcZH^XKY>[NVQTEIXhLFNOQ%EZQ%L
C*DiLiJM[FWxQPRQTEvQ Q%UdcIXhtVQTLB`X*DSrXhtXmconJ,cIQTL jZnDFE"LFX^aOLFQ%L *Q%X<QTX^LiQ%EﬂG<EZ[/naO[dDiLFN
PRQTEe} aVLFQTLiSrc_nJMEZUVQ;XhLPFQ%EegﬂnJVSZSIEIXhNVQTL<[JVSIQ>*Q%EZXhY>[dcZQ7cT£
`;JPRQ%EXKPRQTJVH^Q DFLP LiQ%DRcZEZJVH^QBy3EZJOY7Q%E`bQ%DRcZQ%EZX^DFW PRXhQ Lg QTLiPiJVEIUOQ%X^c
PRQ_S"\;QTSIQ7cZ¦%Q_S©jZnDFE"PRXhQP0nJVLFXhSZY>[FQu©EZQ%XKPRQ Q_S¥conJ,cIXhNMc_§/SIX^LiP PRXhQ(6dg]Q%XKY>[DFLFNOQ%L
JVDRj0NVQTNVQ%LSrQTXmcZX^NOQp]Q%Q%XhLFiDSISIDFLFNOQ%L(PRQTE XhaVLJMEZQ%Ly3EZJOY7Q%E ¦%DFEMnDiY>U¦%DFjZnDF[FEZQ%L0§dPRX^Q
LFXKY>[dc-PFDFEZY>[  ",$%&('*)%+ S-\;Q_SrQ%cI¦ QTEMnDY>USIXKY>[OcZX^NVc g]Q%E>PRQ%L/£/?!Q%HKY>[FQ%E-fJMcIDFEePRXhQ7q
SIQC?!QTY>[iSIQ%HhgeXhEIUDFLFNOQ%L SIX^LP §3U,JVLFL LDFEtVQ%EZW"DFcIQ7cg QTEZPFQ%L0£y-[FQ%aOEIQ%cIXKSIY>[BXKS¥c
*Q%X©Q%XhLFQTE?[3naV[FQTEIQTL } aVLFQTLFUVaOLF¦%QTLdcIE>J,cIXhaVL \;H¨£R£ Mi§]PRXhQ!LdDiE(j>nDFEDFLiQ%LiPRHhXKY>[
tOQ%E>P3nDFLFLdcIQ nadSrDFLiNVQ%L(NVXhHmc_§dLiXhY>[dc-WQT[FE]¦%DFE-p]Q%EZQTY>[FLDFLFNPRQ%Ee~QTHiSrcZPFX4 DiSIX^aOL
tOaVL@} aOLFQ%L w 0X^cI[FXhDFW|;JMLg]Q%LiPJME_£ 0!" ' $  wr¤ $/$ﬂO|NVX Rc©¦V£ pb£*Q%XhLFQTLﬃu©aVEZEZQ%Udq
cZDFErjzJVUdcIaVEvtOaVL F§ 9jZnDFEﬂWxaVHhQ%UDFHKJMEZQx`X*DSrXhaVLiSIUVaQ1x¦TX^QTLdcIQ%L XhW lJMHhH^Q[FaO[FQ%E
} aOLFQ%LiSrc_nJVEIUOQ%L w
 






tOQ%E>SrDiY>[ ﬃwztVaOL ¤V§ ﬂ?G
q#9JVDRj!%R§ %/%G<q Y7W(_Sﬁﬀ7|;JMLFNOQ%LFaOWxWQTL0§,QTEIQ_Y>[FLFQ%c
SIXhY>[QTX^LNVDRcWxX^c  #"%$%&('*),+ S©\;QTSIQ7cZ¦
n
DG*Q%EZQ%XhLiS¥cZX^WxWxQ%LPRQ%EﬂC*Q%WxQTLOc>J,cZX^aOLiS¥jzJVUdq
cZaVEtOaVL(F§ 9"JMLiSrcZJMcrc]F§ ﬁ 9R£O`bXhQbDSrNdJMLFNdSrUOaVLF¦TQ%LdcIE>J,cZX^aOLFQ%LX^LPRQ%LC.@Q1:V¦TQ%HhH^QTL
tOaVL ﬃWxN/ ﬁﬀ 2¥Qy3EZJOY7Q%EQ%LdcZSFEZQTY>[FQTLBjZnDFEH0X^cI[iX^DFW QTX]QTX^LiQ%Ex]cIaVWxWJVSZSIQ
tOaVL F§ $M¢¤NVWxaOH ﬁﬀ]LDFE EZDFLiP(F§ VV/$©WxaVH  &ﬀ,§dSIa"PFJ:"tOaVLUVQTX^LiQ%E SIXhNVLFXﬁiU,JMLRq


























cZQ%EZQ%XhLiJMLiPFQ%EDFLiP WxX^cPRQ%E .@J,cZEIXﬂBLFXKY>[Ocx¦%DiExp]Q_SIY>[FEZQ%X FDFLiNPRQ%ExPRX*DSrXhtVQTL





 ﬁEQ1S~¦TQ%LiJVEIXhaOSﬂjZnDFExuvJ,cIXhaVLiQ%L0§PRX^QX^L Q%XhLFQ%W .QT[FErq
UOaVW aOLFQ%LdcZQ%LiS5RS¥cZQ%W:Q%Ldc>SIFEZQTY>[iQ%LiPQ%EZLFX^Q_PREZX^NVcIQ%L w QTW#iX^EZXhSZY>[ *QTSrcIXhWxWﬂcZQ%L|





 !  	 #%$'&  
 







`bX^QNVQ%WxQ_SISIQ%LFQTL <JMEZXhJMcIXhaVLFQTL©PFQ%E0Q1*QTUOcZX^tOQ%Lﬂ`bX4 DiSIX^aOLiSIUVaQ¦%XhQ%LdcZQ%L©U naVLFLFQTL
PRDiEZY>[@PRXhQﬂDFLdcZQ%E>SIY>[FXhQTPFH^XKY>[FQ%LWxaOH^QTUdDiHhJVEIQTL`bX*DiSIXhaVLiSIUVaQ¦TX^QTLOcZQ%LDFLPPRX^Q





`bX^QLGiJOSISIDFLFN@JVH^HhQ%Eﬂ`;J,cZQ%L WxXmc# #",$K&P'*)%+ SﬂtVQ%EZQ%XhLRjzJOY>[OcZQ%W w
 
¤_|v\;Q7q
SIQ7cZ¦bw \;H¨£,R£ /%M| Q%EZNVX Rc/Q%XhLFQTLC*Q%WxQ%Ldc>J,cIXhaVLS¥jzJVUOcZaVE

tVaOL"R§ ﬂ9F£%`XhQ SZY>[FQTX^L iJVE
LDFESIY>[iH^Q_Y>[OcZQ LGiJVSZSIDFLFNPRQTE3EZQ%HKJ,cZX^tOQ%L"`bX*DiSIXhtdX^c_nJMcIQTL"XKS¥cJMDRjPFX^Q]JMHKS .DiHmcZXmq
cZEZJOY7Q%EZtVQTEZSIDiY>[FQePRDiEZY>[FNOQ7j>nDF[iErcZQ%L
QTEZSIDiY>[FQ¦TDFEMnDiY>U¦%DRj>nDF[iEIQTL@wzyJ-0£ 9R£ ¢i§dS%£ ai£ |A£
?!Q%E>PRQ%L LDFEPRX^QGX^LF¦TQ%H^cIE>JVY%Q%EZtVQ%E>SIDiY>[FQ Q%cIE>JVY>[dcIQ%cw 0G/£ 9R£ ¢i§
JMDiSINVQ%jZnDFHhHmcZQ
~ 5W aOH^Qo|A§dQ%EZNVX Rc]SIXhY>[(Q%XhLFQ¦TDRj EIXhQTPFQ%LiSrcIQTH^HhQ%LiPFQb<EZaVNOLFaOSIQPRQTE EZQ%HKJ,cZX^tOQ%L`bXmjkq
j DiSIXhtdX^c_nJMcIQTL JMDRjp-JVSIXhSvPFQ%EaOEIadSrX^c_nJMcIQTLWxXmcQ%XhLFQ%W C*Q%WxQTLOc>J,cZX^aOLiS¥jzJVUdcIaVE








tOaVL  #"%$%&('*) w \;H¨£/R£  O|eH^XhQ7j QTErc©Q%XhLFQ%L
 
q ?!Q%EIc;tOaVL@F§h¤ DFLiP@QTX^LiQ%L C Q%WxQ%LRq
c>J,cIXhaVLS¥jzJVUOcZaVE

tVaOLxi§ $ 9xwz6G0£-9R£ ¢d|A£d`XhQ`;J,cZQ%LtOaVL  
.




QTX^LFQTL tOQ%EZNVHhQ%XKY>[ JMEZQ%L y3EIQTLiP §g a/QTXePRX^QDFcIaVEZQ%L Q%XhLFQ?H^XhLFQTJVEIQ?p]Q%¦%XhQ%[DFLiN



















  Negev, grau (IL)                Archie`s Gesetz:
  Negev, weiß (IL)                 Alle Daten: D'= ε 2,25
  Tilmanstone (UK)               Ohne Multitracer: D'= ε 2,54
  Sigerslev (DK)                    Nur israelische Proben: D'= 0,16 ε 0,95
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 Negev, grau (IL)       Negev, grau (IL) (Polak et al. 2000)
 Negev, weiß (IL)       Berkshire (UK) (Hill 1984)
 Sigerslev (DK)          Cambridgeshire (UK) (Grathwohl 1998)
 Tilmanstone (UK)
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   Kd, graue Kreide
   Kd, weiße Kreiden
   Karickhoff (1981)
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